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ORZ UHFRYHU\ UDWH DQG WUDQVLWLRQ VFHQDULRV             
 *UDVV DQG VKUXE DEXQGDQFH LQ D FRPELQHG VFHQDULR ZLWK
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7KHUH LV D ORQJ KLVWRU\ RI DQLPDO IDUPLQJ SUDFWLFHV 7KH GRPHVWLFDWLRQ
RI DQLPDOV DFFRPSDQLHG WKH KXPDQ UDFH¶V WUDQVIRUPDWLRQ IURP KXQWHU
JDWKHUHUV WR DJULFXOWXUDOLVWV VLQFH DERXW  \HDUV EHIRUH SUHVHQW %3
6KDQNOLQ  &OXWWRQ%URFN  'XH WR LWV RXWVWDQGLQJ DGDSWDELOLW\
DQG GLYHUVLW\ WKLV WLPHSURYHG PHDQV RI SURGXFWLRQ UHPDLQV RQH RI WKH
PRVW DFWLYH DQG LPSRUWDQW VHFWRUV LQ WKH ZKROH DJULFXOWXUH VRFLHW\ ,W LV
HVWLPDWHG WKDW H[WHQVLYH SDVWRUDO SURGXFWLRQ RFFXSLHV  RI WKH ZRUOG¶V
ODQG DUHD DQG SURGXFHV  RI WKH PHDW XVHG IRU KXPDQ FRQVXPSWLRQ
%OHQFK  3DVWRUDO SURGXFWV WRGD\ VHUYH DV D PDMRU VRXUFH RI SUR
WHLQ DQG WR D OHVVHU H[WHQW RI FORWKLQJ PDWHULDOV 3DVWRUDOLVP KDV EHHQ
DGRSWHG E\ SHRSOH IURP D ZLGH UDQJH RI DULG HQYLURQPHQWV RU DUHDV ZLWK
VFDUFH VRXUFH UDQJLQJ IURP $IULFD WR 0LGGOH (DVW WR 7LEHW DQG WR 6FDQGL
QDYLD )UDWNLQ  ,Q WKHVH DUHDV DULGLW\ XVXDOO\ IRUELGV RWKHU IRUPV RI
DJULFXOWXUH ZKLFK GHSHQG RQ D KLJK OHYHO RI VRLO PRLVWXUH DQG FRQVWDQW LU
ULJDWLRQ )RU SHRSOH OLYLQJ LQ WKRVH DUHDV SDVWRUDOLVP SURYLGHV WKHPZLWK
QHFHVVDU\ OLYHOLKRRG +RZHYHU DV OLYLQJ FRQGLWLRQV LPSURYH SDVWRUDOLVW
SRSXODWLRQ LQFUHDVHV 7KLV DORQJ ZLWK LQFUHDVLQJ ZRUOG GHPDQG RI SUR
WHLQ FUHDWHV SUHVVXUHV RQ SDVWRUDOLVP DQG JUDVVODQG HFRV\VWHP DQG PD\
FDXVH RYHUJUD]LQJ DQG D GHFUHDVH RI SURGXFWLYLW\ $OWKRXJK SDVWRUDOLVP
LV VXFFHVVIXOO\ VXSSRUWLQJ RYHU PLOOLRQ SDVWRUDO KRXVHKROGV ZRUOGZLGH
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%OHQFK  WKH SUREOHPV RI LQFUHDVLQJ GHPDQG DQG FOLPDWLF LPSDFW
LQ WKH IDFH RI PRUH VFDUFH UHVRXUFHV VXFK DV XVHDEOH SDVWXUHV DQG ZDWHU
DQG JOREDO FOLPDWH FKDQJH DUH FKDOOHQJLQJ SDVWRUDOLVWV ZKHUHYHU WKH\ DUH
,Q &KLQD¶V VRXWKZHVW WKH 7LEHW $XWRQRPRXV 5HJLRQ 7$5 LV DOVR IDF
LQJ VXFK SUREOHPV 7KH SUREOHP LV HYHQ PRUH SURQRXQFHG JLYHQ WKH 7L
EHWDQ SODWHDX¶V XQLTXH QDWXUDO DQG VRFLRHFRQRPLF FRQGLWLRQV 7LEHWDQ
SDVWRUDOLVP LV GLVWULEXWHG DOPRVW DOO RYHU WKH SODWHDX DOWKRXJK WKH DFWXDO
SUDFWLFHV PD\ EH GLIIHUHQW LQ GLIIHUHQW DUHDV ,Q UHODWLYHO\ ORZ VRXWKHUQ
DQG HDVWHUQ SDUWV SDVWRUDOLVP FRH[LVWV ZLWK DJULFXOWXUH ZKLOH LQ KLJK
DOWLWXGH DQG DULG QRUWKHUQ DQG ZHVWHUQ SDUWV SDVWRUDOLVP H[LVWV PDLQO\ LQ
QRPDGLF RU WUDQVKXPDQFH IRUPV 7KH WUDQVKXPDQFH IRUPV DUH EDVHG RQ
D URWDWLRQ V\VWHP DQG DYDLODELOLW\ RI ZLQWHU DQG VXPPHU SDVWXUHV DQG
VKRUWWHUP PRYHPHQWV LQ RUGHU WR ILQG EHWWHU JUDVVODQG SDWFKHV 7KH
KLJK DOWLWXGH RI DERYH  m RQ DYHUDJH DQG VKRUW JURZLQJ VHDVRQ RI
QR ORQJHU WKDQ  PRQWKV OLPLW WKH RXWSXW IURP SDVWRUDOLVP LQ WKH QRUWK
HUQ DQG ZHVWHUQ 7LEHWDQ 3ODWHDX 0LOOHU  ZKLOH WKH VWDWH¶V SROLF\ LV
WU\LQJ WR HQFRXUDJH 7LEHWDQ SDVWRUDOLVWV WR GHYHORS SDVWRUDOLVP QRW RQO\
DV D OLYHOLKRRG EXW DOVR DV D PHDQV RI JDLQLQJ LQFRPH %DXHU  0DQ
GHUVFKHLG  0DQGHUVFKHLGW HW DO  E\ HVWDEOLVKLQJ IDFWRULHV DQG
SXWWLQJ 7LEHWDQ SDVWRUDO SURGXFWV LQWR ORFDO DQG QDWLRQDO PDUNHWV 0HDQ
ZKLOH 7LEHWDQ WUDGLWLRQDO SDVWRUDOLVP LQVWLWXWLRQV DQG SUDFWLFHV HVSH
FLDOO\ WKRVH LQYROYLQJ FRQVHUYLQJ D ODUJH QXPEHU RI OLYHVWRFN DUH FRQ
VLGHUHG E\ WKH JRYHUQPHQW DQG VRPH UHVHDUFKHUV DV LUUDWLRQDO DQG GHWUL
PHQWDO WR WKH HQYLURQPHQW FDXVLQJ HFRORJLFDO SUREOHPV VXFK DV RYHUJUD]
LQJ DQG GHVHUWLILFDWLRQ /HYLQH  5LFKDUG E ,W LV DUJXHG E\ WKH
JRYHUQLQJ DXWKRULWLHV WKDW VXFK DQ XQRUJDQLVHG DQG RXWGDWHG SURGXFWLRQ
PRGH VKRXOG EH UHSODFHG E\ PRGHUQLVHG V\VWHP ZLWK DOORFDWHG SDVWXUHV
DQG LPSURYHG LQIUDVWUXFWXUHV LQ RUGHU WR DYRLG VHYHUH ORVVHV LQ KDUVK ZLQ
WHUV DQG WR FRQWURO WKH SKHQRPHQRQ SHUFHLYHG DV ZLGHVSUHDG JUDVVODQG
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GHJUDGDWLRQ 6KHHK\ 0LOOHU DQG -RKQVRQ  %DVHG RQ WKLV DVVHUWLRQ
WKH 6WDWH LV RUFKHVWUDWLQJ D VHULHV RI SURMHFWV LQFOXGLQJ IHQFLQJ SDVWXUHV
DQG VHWWLQJ FOHDUO\ GHILQHG SDVWXUHV DOORFDWHG WR LQGLYLGXDO KRXVHKROGV
RUJDQLVLQJ SDVWRUDOLVWV LQWR YLOODJHV DQG FRQVWUXFWLQJ LQIUDVWUXFWXUHV ,Q
HYLWDEO\ WKLV LQ UHWXUQ VWLUUHG DUJXPHQWV WKDW WKH PRELOLW\ DQG WUDGLWLRQDO
FXOWXUH DUH EHLQJ WKUHDWHQHG HJ :X  6KHHK\ 0LOOHU DQG -RKQVRQ
 7LEHW WRGD\ LV HVVHQWLDOO\ LQ WUDQVLWLRQ QRW OLPLWHG WR WKDW RI SDV
WRUDOLVP EXW DOVR WKDW RI FXOWXUH RI LQVWLWXWLRQV DQG RI HFRQRP\ QHYHU
WKHOHVV WKH WUDQVLWLRQ LQ SDVWRUDOLVP DV D PDMRU OLYHOLKRRG DQG VRXUFH RI
LQFRPH ZLOO KDYH D VLJQLILFDQW UROH LQ WKLV UHIRUP RI WKH 7$5 :KHWKHU WKH
WUDGLWLRQDO SDVWRUDO FXOWXUH VKRXOG EH SUHVHUYHG ZKHWKHU 7LEHWDQ SHRSOH
FDQ HQMR\ LPSURYHG HFRQRPLF FRQGLWLRQV DQG ZKHWKHU PRGHUQLVDWLRQ LV
DW WKH FRVW RI DGDSWDELOLW\ DQG UHVLOLHQFH DUH WKH 7LEHWDQ SHRSOH DQG UH
VHDUFKHUV¶ FRQFHUQ
,W LV GHVLUDEOH WR EH DEOH WR DQVZHU WKHVH TXHVWLRQV UDLVHG LQ D ODUJH DQG
FRPSOH[ V\VWHP DV SDVWRUDO VRFLDOHFRQRPLF V\VWHP 7KH GLIILFXOW\ QHYHU
WKHOHVV OLHV LQ WKH IDFW WKDW WKH EHKDYLRXU RI VXFK V\VWHPV LV GHWHUPLQHG
E\ PDQ\ LQWHUDFWLQJ IDFWRUV 2QH H[DPSOH LV LQ ILVKHU\ ZKHUH WKH RYHU
ILVKLQJ RI KHUELYRURXV ILVK QRW RQO\ UHGXFHG \LHOG IURP WKH SRSXODWLRQ EXW
DOVR FDXVHG XQFRQWUROOHG JURZWK RI PDFURDOJDH DQG NLOOHG FRUDOV ZKLFK
KDV PXFK PRUH SURIRXQG FRQVHTXHQFHV %RWVIRUG HW DO  $V +ROOLQJ
E QRWHV D VLPSOH EODFN RU ZKLWH FKRLFH IRFXVLQJ RQ RQO\ RQH RU WZR
RI WKH IDFWRUV LQ GHFLVLRQ PDNLQJ PD\ EULQJ XQH[SHFWHG UHVXOWV RU ³VXU
SULVHV´ (YHQ LI PDQ\ IDFWRUV DUH FRQVLGHUHG LQ GHFLVLRQ PDNLQJ WKH RQHV
WKDW DUH RYHUORRNHGPD\ VWLOO FDXVH VXUSULVHV 6PDOO FKDQJHV LQ NQRZQ IDF
WRUV PD\ FDXVH D QRQOLQHDU UHVSRQVH RI WKH V\VWHP $ IUDPHZRUN WKDW SUH
SDUHV IRU VXUSULVHV DQG QRQOLQHDU FKDQJHV LQ GHFLVLRQ PDNLQJ LV QHHGHG
7KH SXUSRVH RI WKH IUDPHZRUN GHWHUPLQHV WKDW WKH WUDGLWLRQDO DSSURDFK LQ
HFRORJ\ FKDUDFWHULVHG E\ OLQHDU DQG WUDFWDEOH PDWKHPDWLFDO PRGHOV LV QR
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ORQJHU DSSOLFDEOH ,QVWHDG WKH VWXG\ RI WKH V\VWHP¶V EHKDYLRXU LQ WKH IDFH
RI VXGGHQ FKDQJHV FDOOV IRU WKH GHYHORSPHQW DQG DSSOLFDWLRQ RI QRQOLQHDU
PDWKHPDWLFV DQG PRUH LPSRUWDQWO\ D QRQOLQHDU XQGHUVWDQGLQJ RI FRP
SOH[ V\VWHPV DFNQRZOHGJLQJ WKH OLPLWDWLRQ RI WUDGLWLRQDO OLQHDU PRGHOV
DQG WKH VLJQLILFDQFH DQG FRPPRQQHVV RI VXGGHQ GLVUXSWLYH FKDQJHV
7KH FRPSOH[LW\ DQG QRQOLQHDULW\ RI HFRV\VWHPV KDV EHHQ REVHUYHG
DQGDFNQRZOHGJHGE\ WKH FRPPXQLW\ RI HFRORJLVWV DQG HQYLURQPHQWDOPDQ
DJHUV HJ .D\ DQG 6FKQHLGHU  6SDUNV  &DUSHQWHU DQG *XQGHU
VRQ  +RZHYHU D XQLILHG DQG RSHUDWLRQDO SDUDGLJP WR GHVFULEH DQG
HYDOXDWH VXFK FRPSOH[LW\ KDV EHHQ PLVVLQJ $V D UHVXOW PDQDJHPHQW RI
HFRV\VWHPV DQG WKH FRXSOHG VRFLDO V\VWHPVKDV WR UHO\ RQ WKHRULHV EDVHG RQ
OLQHDULW\ DVVXPSWLRQV FDXVLQJ XQH[SHFWHG DQG XQGHVLUDEOH UHVXOWV 7KHUH
KDYH EHHQ YDULRXV DWWHPSWV WR DGGUHVV WKH QRQOLQHDULW\ RI HFRV\VWHPV
VXFK DV FHOOXODU DXWRPDWDPRGHOV %DO]WHU HW DO  DQG QRQOLQHDU WLPH
VHULHV PRGHOV 3DVFXDO DQG (OOQHU  EXW WKHVH DWWHPSWV DUH QRW RU
JDQLVHG LQ D V\VWHPDWLF ZD\ WR IRUP D IUDPHZRUN ,Q KLV REVHUYDWLRQ RI
VRPH VHOIFRQWDLQHG HFRV\VWHPV +ROOLQJ  DOVR IRXQG WKDW WKH V\V
WHP VKRZV QRQOLQHDU XQVWDEOH EXW UHVLOLHQW EHKDYLRXUV )XUWKHUPRUH
+ROOLQJ SRLQWV RXW WKDW WKH DVVXPSWLRQ RI D VWDEOH VWDWH ZKLFK WKH V\V
WHP WHQGV WR JR EDFN WR LV YDOLG RQO\ LQ WKH YLFLQLW\ RI D JLYHQ HTXLOLEULXP
SRLQW FDOOHG WKH GRPDLQ RI DWWUDFWLRQ 7KH VKLIWLQJ EHWZHHQ GRPDLQV RI
DWWUDFWLRQ FDQ EH VXGGHQ DQG QRQOLQHDU DQG RIWHQ PHDQV GUDVWLF FKDQJH
RI D V\VWHP¶V GHILQLQJ IXQFWLRQV DQG IHDWXUHV ([DPSOHV RI VXFK FKDQJH RI
IXQFWLRQV LQFOXGH UDQJHODQG WXUQLQJ LQWR GHVHUW RU FOHDU ODNH EHFRPLQJ
WXUELG ,I D V\VWHP VKLIWV IURP RQH GRPDLQ RI DWWUDFWLRQ WR DQRWKHU LW PD\
QRW EH DEOH WR VXSSRUW LWV RULJLQDO VSHFLHV RU FRQWLQXH WR SURYLGH HFRV\V
WHP VHUYLFHV )RU KXPDQPDQDJHG V\VWHPV DQ LGHDO FKDUDFWHU VKRXOG EH
WKDW WKH\ GR QRW HDVLO\ FKDQJH WKHLU IXQFWLRQV LQ WKH IDFH RI FKDQJHV LH
WKH\ UHPDLQ UHVLOLHQW WR H[WHUQDO DQG LQWHUQDO FKDQJHV +ROOLQJ WKXV IRU
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PDOLVHG KLV FRQFHSW RI UHVLOLHQFH DV ³D PHDVXUH RI WKH DELOLW\ RI WKHVH
V\VWHPV WR DEVRUE FKDQJHV RI VWDWH YDULDEOHV GULYLQJ YDULDEOHV DQG SD
UDPHWHUV DQG VWLOO SHUVLVW´ +ROOLQJ  S 6LQFH WKH LQWURGXFWLRQ
RI WKLV QHZ FRQFHSW RI UHVLOLHQFH LQ  LW KDV KHOSHG WKH GHYHORSPHQW RI
RWKHU FRQFHSWV DQG DSSURDFKHV VXFK DV DGDSWLYHPDQDJHPHQW DQG JUHDWO\
FKDQJHG WKH ZD\ SHRSOH ORRN DW FKDQJHV LQ FRPSOH[ V\VWHPV
7KH XVHIXOQHVV RI WKH UHVLOLHQFH FRQFHSW LQ H[DPLQLQJ D FRPSOH[ V\V
WHP¶V LQQRYDWLRQ GHYHORSPHQW GLVWXUEDQFH DQG UHRUJDQLVDWLRQ PDNHV
WKH UHVLOLHQFH FRQFHSW D VXLWDEOH WRRO LQ WKH VWXG\ RI WKH 7$5¶V KLVWRULFDO
FKDQJHV DQG IXWXUH DV WKH DUHD LV XQGHU KXPDQ PDQDJHPHQW DQG FRQ
VWDQWO\ VXEMHFW WR WKH LQIOXHQFH RI FKDQJHV LQ QDWXUH DQG H[WHUQDO SROLFLHV
7KH XVH RI WKH UHVLOLHQFH FRQFHSW DQG WKH GRPDLQ RI DWWUDFWLRQ DSSURDFK DO
ORZV UHVHDUFKHUV DQGPDQDJHUV WR XQGHUVWDQG ZKDW WKH NH\ GULYHU RI VWDWH
VKLIWLQJ LV ZKDW LV QHHGHG IRU VXFK D VKLIW DQG ZKDW QHHGV WR EH GRQH LI WKH
VKLIW LQ VWDWH LV WR EH DYRLGHG -DQVVHQ DQG $QGHULHV  ,W DOVR KHOSV
UHVHDUFKHUV WR XQGHUVWDQG KRZ ZHOO WKH ROG DQG QHZ V\VWHP FDQ DGDSW
QRW RQO\ WR FXUUHQW FRQGLWLRQV EXW DOVR RWKHU GUDVWLFDOO\ GLIIHUHQW FRQGL
WLRQV FDXVHG E\ VXGGHQ HQYLURQPHQWDO RU SROLF\ FKDQJH 7KLV NQRZOHGJH
LQ HVVHQFH LV WKH XQGHUVWDQGLQJ RI ZK\ DQG KRZ WKH V\VWHP PRYHV LQ WKH
GRPDLQ RI DWWUDFWLRQ DQG ZKDW LV WKH YROXPH RI WKH GRPDLQ RI DWWUDFWLRQ
7KH GHWDLOHG GHVFULSWLRQ DQG UHYLHZ RI WKH UHVLOLHQFH SDUDGLJP DQG LWV GH
YHORSPHQW ZLOO EH LQFOXGHG LQ WKLV WKHVLV
,QVSLULQJ DV WKH UHVLOLHQFH FRQFHSW LV LQ WKH VWXG\ RI FRPSOH[ V\VWHPV
D VLJQLILFDQW DPRXQW RI ZRUN LV VWLOO UHTXLUHG EHIRUH LW FDQ EH LQIRUPDWLYH
,Q SUDFWLFH UHVLOLHQFH LV VWLOO DVVHVVHG E\ PDWKHPDWLFDO PRGHOV RU DOWHU
QDWLYHO\ E\ DQDO\]LQJ VSHFLHV LQWHUDFWLRQV DQG GHILQLQJ IXQFWLRQDO JURXSV
7KH PDWKHPDWLFDO PRGHOOLQJ PHWKRG DLPV WR DVVHVV WKH ³VL]H´ RI WKH GR
PDLQ RI DWWUDFWLRQ GLUHFWO\ 7KH EDVLFPDWKHPDWLFDO WRROV HPSOR\HG QRZD
GD\V DUH VWLOO ODUJHO\ EDVHG RQ FRQWLQXRXV PDWKHPDWLFV VXFK DV FDOFXOXV

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EXW WKH PRGHOV DUH FRQVWUXFWHG LQ D ZD\ WKDW LQFRUSRUDWHV GLVFRQWLQX
LW\ DQG K\VWHULF EHKDYLRXUV 7KH VSHFLHV LQWHUDFWLRQ DSSURDFK LQYROYHV
GHILQLQJ IXQFWLRQDO JURXSV DQG VRUWLQJ VSHFLHV RU VRFLDO HQWLWLHV LQWR WKHVH
JURXSV WKHUHIRUH RQH FDQ WHOO ZKHWKHU DQ\ RI WKHVH JURXSV PD\ KDYH VLJ
QLILFDQW FKDQJHV WKDW DOWHU D V\VWHP¶V NH\ IXQFWLRQV DQG DWWULEXWHV %RWK
RI WKH WZR DSSURDFKHV UHTXLUH D FRQVLGHUDEOH DPRXQW RI LQIRUPDWLRQ 7KH
FRPSOH[LW\ RI HFRORJLFDO DQG VRFLDO V\VWHPV UHQGHU LW QHDUO\ LPSRVVLEOH
WR GHYHORS D XQLILHGPHWKRGRORJLFDO IUDPHZRUN IRU UHVLOLHQFH DVVHVVPHQW
ZKLFK KLQGHUV WKH DGRSWLRQ RI D UHVLOLHQFH DSSURDFK (YHQ VR DVVHVVPHQW
RI UHVLOLHQFH KDV EHLQJ FRQGXFWHG LQ YDULRXV ORFDWLRQV DQG VHWWLQJV DQG
KDV SURYLGHG LQIRUPDWLRQ IRU HFRV\VWHP PDQDJHPHQW DQG VRFLDO GHYHO
RSPHQW )RU H[DPSOH 0F/DXFKODQ  XVHV WKH UHVLOLHQFH FRQFHSW WR
HYDOXDWH WKH LPSDFW RI FKDQJHV LQ VRLO RUJDQLF PDWWHU FDXVHG E\ DJULFXO
WXUH ZKLOH 0F*XLUH DQG 6SHUOLQJ  DQDO\VHG WKH LPSDFW RI VHHG DLG
RQ IDUPHU¶V DELOLW\ WR FRSHZLWK VWUHVV E\ H[DPLQLQJ LWV HIIHFW RQ UHVLOLHQFH
,Q WKLV VWXG\ WKH UHVHDUFKHU XVHV UHPRWH VHQVLQJ DQG PDWKHPDWLFDO
PRGHOOLQJ DSSURDFKHV WR DVVHVV UHVLOLHQFH LQ WKH 7$5 7KLV LV EHFDXVH WKH
IRFXV RI WKH VWXG\ LV QRW RQO\ RQ WKH HFRV\VWHP EXW PRUH RQ WKH VRFLDO
HFRQRPLF V\VWHP WKDW GHSHQGV RQ JUDVVODQG DQG SDVWRUDOLVP LQFOXGLQJ
WKH LPSOLFDWLRQ RI PRUH IUHTXHQW QDWXUDO GLVWXUEDQFH WKH VHWWOHPHQW RI
SDVWRUDOLVWV DQG WKH HIIHFWV RI PLJUDWLRQ DQG SULYDWLVDWLRQ %HFDXVH WKH
HQYLURQPHQW LV KHDYLO\ LQIOXHQFHG DQG PDQDJHG E\ KXPDQV ORRNLQJ DW
VSHFLHV DQG WKHLU UHVSHFWLYH IXQFWLRQDO JURXSV SURYLGHV OLWWOH LQIRUPDWLRQ
DERXW WKH V\VWHP¶V UHVLOLHQFH 8OWLPDWHO\ KXPDQ PDQDJHPHQW LQ YDULRXV
VSDWLDO DQG WHPSRUDO VFDOHV GHWHUPLQHV LQ SDUW WKH IDWH RI ORFDO VRFLRH
FRORJLFDO V\VWHP DQG SURGXFWLRQ SUDFWLFHV ,Q WKLV FDVH D PRGHOOLQJ DS
SURDFK LV PRUH DGHTXDWH %DVHG RQ WKH UHVHDUFKHU¶V XQGHUVWDQGLQJ RI WKH
7LEHWDQ SDVWRUDO V\VWHP WKH PRGHO ZLOO IRFXV RQ WKH LPSDFWV RI SURGXF
WLYLW\ DQG PDQDJHPHQW RSWLRQV

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,GHDOO\ LW ZRXOG EH YHU\ GHVLUDEOH WR LQFOXGH ORFDO SHRSOH¶V NQRZOHGJH
DQG RUDO KLVWRU\ LQ WKH VWXG\ DV ZHOO DV REVHUYLQJ WKHLU DFWXDO SDVWRUDO
SUDFWLFH +RZHYHU WKH GLIILFXOW\ RI GDWD FROOHFWLRQ ZDV H[DFHUEDWHG E\ LWV
UHPRWHQHVV KLJK DOWLWXGH HQYLURQPHQW DQG WKHSUREOHPRI WKH UHVHDUFKHU¶V
LGHQWLW\ DV D &KLQHVH LQWHUQDWLRQDO VWXGHQW VWXG\LQJ LQ D XQLYHUVLW\ LQ WKH
8QLWHG .LQJGRP &RQVLGHULQJ WKHVH FRQVWUDLQWV LW KDV EHHQ QHFHVVDU\ IRU
WKH UHVHDUFKHU WR DGRSW D VOLJKWO\ GLIIHUHQW DSSURDFK WR WKH VWXG\ 7KH DG
YDQWDJH RI UHPRWH VHQVLQJ DOORZV WKH UHVHDUFKHU WR REVHUYH DQG DQDO\VH D
ODUJH DUHD DV ZHOO DV LWV UHFHQW FKDQJH KLVWRU\ 0RUH LPSRUWDQWO\ UHPRWH
VHQVLQJ HQDEOHV WKH UHVHDUFKHU WR H[DPLQH WKH VSDWLDO SDWWHUQV RI YDULRXV
YDULDEOHV DQG WKHLU LPSOLFDWLRQ IRU WKH DUHD¶V UHVLOLHQFH )URKQ  /XHUV
HW DO  7KHPRGHO XVHG LQ WKH VWXG\ FDQEH VSDWLDOLVHG XVLQJ UHPRWHO\
VHQVHG GDWD $OWKRXJK WKH PRGHO FDQQRW FRPSOHWHO\ UHSODFH FORVHU REVHU
YDWLRQ RI WKH DUHD LW LV KRSHG WKDW ZLWKLQ SUDFWLFDO OLPLWDWLRQV LW FDQ VWLOO
SURYLGH VRPH LQVLJKWV LQWR 7LEHWDQ SDVWRUDOLVP¶V UHVLOLHQFH DQG DGDSWDELO
LW\ WKDW DUH QRW REWDLQDEOH E\ RWKHU PHDQV
7KH DLPV VHW IRU WKH VWXG\ DUH
 7R JDLQ DQ LQGHSWK XQGHUVWDQGLQJ RI KRZ JUDVVODQG HFRV\VWHPKDYH
DGDSWHG WR H[WHUQDO GULYHUV VXFK DV FOLPDWH FKDQJH RYHU WKH UHFHQW
GHFDGHV
 7R LQYHVWLJDWH WKH LPSOLFDWLRQV RI QDWXUDO DQG LQVWLWXWLRQDO FKDQJHV
RQ WKH SODWHDX
 7R HYDOXDWH WKH VXVWDLQDELOLW\ RI ORFDO UDQJHODQG DQG LWV DELOLW\ WR
VXSSRUW OLYHVWRFN DQG SDVWRUDO OLYHOLKRRGV XQGHU GLIIHUHQW PDQDJH
PHQW VW\OHVUHJLPHV
,Q RUGHU WR DFKLHYH WKH DLPV WKH REMHFWLYHV RI WKH VWXG\ LQFOXGH
 (YDOXDWLQJ SURGXFWLYLW\ DQG YLDELOLW\ RI WKH7LEHWDQ JUDVVODQG HFRV\V
WHP LQ RUGHU WR GHILQH LWV FXUUHQW VWDWH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 ,GHQWLI\LQJ WKH FKDUDFWHULVWLFV RI GLVWXUEDQFHV LQ WKH DUHD E\ DQDO\VLQJ
WKH IOXFWXDWLRQ RI YHJHWDWLRQ LQGLFDWRUV XVLQJ UHPRWHO\ VHQVHG LP
DJHU\
 0RGHOOLQJ WKH UHVSRQVH RI JUDVVODQG HFRV\VWHP LQ YDULRXV SRVVLEOH
VFHQDULRV
 (YDOXDWLQJ WKH UHVLOLHQFH DQG VXVWDLQDELOLW\ RI WKH 7LEHWDQ JUDVVODQG
VRFLRHFRV\VWHP E\ V\QWKHVL]LQJ DYDLODEOH LQIRUPDWLRQ
 6WUXFWXUH RI IROORZLQJ FKDSWHUV
7KH RUJDQLVDWLRQ RI WKH UHVW RI WKH WKHVLV LV DV IROORZV WKH JHRJUDSK\ RI
WKH DUHD DQG KLVWRU\ RI SDVWRUDOLVP LQ WKLV DUHD DUH UHYLHZHG LQ &KDSWHU 
&KDSWHU  UHYLHZV VRPH WKHRULHV DQG DSSURDFKHV EDVHG RQ ZKLFK WKH JRDO
DQG PHWKRGRORJ\ RI WKLV WKHVLV ZHUH GHYHORSHG &KDSWHU  GHVFULEHV WKH
PHWKRGRORJ\ XVHG LQ WKH WKHVLV LQFOXGLQJ GDWD VRXUFHV VSDWLDO DQDO\VLV
DQG PRGHOOLQJ &KDSWHU  LOOXVWUDWHV WKH UHVXOWV &KDSWHUV  DQG  GLVFXVV
WKH LPSOLFDWLRQ RI WKH UHVXOWV DQG FRQFOXGH ZLWK WKH ILQGLQJV RI WKH VWXG\

&KDSWHU 
%DFNJURXQG
,Q RUGHU WR XQGHUVWDQG WKH 7LEHWDQ SDVWRUDO V\VWHP DORQJZLWK LWV XQLTXH
QHVV DQG OLPLWV WKH JHRJUDSK\ RI WKH SODWHDX VKRXOG EH XQGHUVWRRG LQ WKH
ILUVW SODFH 7KLV FKDSWHU VWDUWV ZLWK DQ LQWURGXFWLRQ RI 7LEHW¶V ORFDWLRQ DQG
WRSRJUDSK\ DQG JRHV RQ WR GHVFULEH WKH SDODHRFOLPDWH DQG FXUUHQW FOL
PDWH LQ 7LEHW 7KH KLVWRU\ RI 7LEHW¶V WUDGLWLRQDO DQG HYROYLQJ SDVWRUDOLVP
DQG LWV LQWHUDFWLRQ ZLWK VWDWH SROLFLHV DUH FRYHUHG LQ WKH VHFRQG VHFWLRQ
 *HRJUDSK\ DQG FOLPDWH RI WKH DUHD
7KH 7LEHWDQ 3ODWHDX LV ORFDWHG LQ WKH ZHVWHUQ SDUW RI &KLQD LQ WKH LQWHULRU
RI WKH (XUDVLD &RQWLQHQW )LJXUH  7KH SODWHDX LV HQFLUFOHG E\ WKH +L
PDOD\DQ 0RXQWDLQV WR WKH VRXWK +HQJGXDQ 0RXQWDLQV WR WKH HDVW .XQ
OXQ 0RXQWDLQV DQG 4LOLDQ 0RXQWDLQV WR WKH QRUWK DQG LQ WKH ZHVW LV DG
MDFHQW WR WKH 3DPLU SODWHDX =KDQJ HW DO  7KH SODWHDX FRQWDLQV WKH
ZKROH 7$5 RI &KLQD DV ZHOO DV D ODUJH SDUW RI 4LQJKDL 3URYLQFH DQG SDUW RI
6LFKXDQ DQG <XQQDQ 3URYLQFH 7KH DUHD RI WKH SODWHDX ZLWKLQ WKH &KLQHVH
ERUGHU LV  × 6 km2 ZKLFK DFFRXQWV IRU D TXDUWHU RI &KLQD¶V WRWDO
ODQG DUHD

&+$37(5
%$&.*5281'
)LJXUH  7KH ORFDWLRQ RI WKH 7LEHWDQ 3ODWHDX LQ &KLQD 7KH PDS ZDV GUDZQ ZLWK *HQHULF 0DSSLQJ 7RROV *07 :HVVHO DQG 6PLWK
 :HVVHO  XVLQJ WKH *OREDO 6HOIFRQVLVWHQW +LHUDUFKLFDO +LJKUHVROXWLRQ 6KRUHOLQH *6++6 VKRUHOLQH GDWD :HVVHO
DQG 6PLWK 

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 7RSRJUDSK\ DQG ZDWHUERGLHV
7KH 7LEHWDQ 3ODWHDX LV ORFDWHG DW WKH HGJH RI WKH (XUDVLD SODWH ZKHUH WKH
FUXQFKLQJ RI WKH ,QGLDQ SODWH FDXVHG WKH XSOLIW RI WKH SODWHDX VWDUWHG DERXW
 ±  PLOOLRQ \HDUV %3 7XUQHU HW DO  &ROHPDQ DQG +RGJHV 
7KH XQHTXDO VSHHG RI XSOLIW DQG WKH IRUFH RI 6RXWK $VLD VXEFRQWLQHQW KDV
UHVXOWHG LQ WKH SODWHDX¶V XQGXODWLQJ WRSRJUDSK\ 7KHUH DUH IRXU PDMRU
PRXQWDLQ UDQJHV LQ 7LEHW QDPHO\ QRUWKHUQPRVW $HUKFKLQ4LOLDQ 0RXQ
WDLQV .XQOXQ%D\DQ .DOD0RXQWDLQV .KDUDNRUDP7DQJJXOD0RXQWDLQV
DQG WKH +LPDOD\DV LQ WKH VRXWK &KLQD 7LEHW ,QIRUPDWLRQ &HQWHU QG
$VLGH IURP WKHVH PRXQWDLQV ZKLFK DOLJQ HDVW WR ZHVW PRXQWDLQV LQ (DVW
HUQ7LEHW DUHPRVWO\ DOLJQHGQRUWK WR VRXWK VXFK DV+HQJGXDQ0RXQWDLQV
7KH DYHUDJH DOWLWXGH RI WKH SODWHDX LV  m DERYH VHD OHYHO DVO EXW LQ
GLIIHUHQW DUHDV WKH DOWLWXGH UDQJHV IURP DERXW  m DVO WR RYHU 
m DVO ZKLOH PRVW PRXQWDLQV FDQ UHDFK RYHU  m DVO *HQHUDOO\ WKH
VRXWKHUQ DQG HDVWHUQ SDUWV RI WKH SODWHDX DUH ORZ ZLWK GHHSFXW UDYLQHV
DQG VRPH KLJK SHDNV GRWWHG ZKLOH WKH QRUWKHUQ DQG ZHVWHUQ SODWHDX LV
KLJK DQG UHODWLYHO\ IODW )LJXUH  2Q WKH RWKHU KDQG PRXQWDLQV RI
JUHDWHU DOWLWXGH DUH PRVWO\ SDUW RI WKH .KDUDNRUDP7DQJJXOD DQG WKH +L
PDOD\D 0RXQWDLQV LQ WKH VRXWK
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)LJXUH  7RSRJUDSK\ RI 7LEHWDQ 3ODWHDX DQG DGMDFHQW DUHDV 7KH WRSRJUDSK\ GDWD LV SURYLGHG E\ 6PLWK DQG 6DQGZHOO  7KH
EDVHOLQH DQG ERUGHUV ZHUH GUDZQ ZLWK *07 DQG *6++6 GDWDEDVH 6RPH PDMRU PRXQWDLQ UDQJHV DUH PDUNHG RQ WKH PDS >@
.XQOXQ 0W >@ 7DQJXOD 0W >@ 1LDQJTHQ7DQJOKD 0W >@ +HQJGXDQ 0W

&+$37(5  %$&.*5281'
7KHPRXQWDLQV DQG GLIIHUHQW DOWLWXGHV GLYLGH WKH DUHD LQWR VHYHUDO VXE
DUHDV 7KH1\DQJTLQ7DQJJOD0RXQWDLQV IRUP WKH ERXQGDU\ RI WKH1RUWK
HUQ7LEHW DQG WKH&HQWUDO6RXWKHUQ7LEHW D VHULHV RIPRXQWDLQV DQG UDYLQHV
GHILQH WKH (DVWHUQ 7LEHW WKH :HVWHUQ 7LEHW LV GHOLPLWHG IURP WKH 1RUWK
HUQ 7LEHW E\ HOHYDWHG JURXQG DQG LWV VRXWKHUQ ERXQGDU\ LV PDUNHG E\
0RXQW .DLODVK :LWKLQ WKHVH VXEDUHDV YDULRXV WRSRJUDSKLFDO IHDWXUHV
KDYH FUHDWHG FRPSOLFDWHG FOLPDWH DQG HFRV\VWHPGLVWULEXWLRQV 7KH<DUOXQJ
7VDQJSR YDOOH\ LQ WKH 6RXWKHUQ 7LEHW LV DULG WR WKH ZHVW DQG EHFRPHV ZHW
WHU DV LW JRHV WRZDUG WKH HDVW 7KH YDOOH\V DQG WKH PRXQWDLQV VXUURXQGLQJ
WKHP FUHDWH ODUJH DOWLWXGH GLIIHUHQFHV DQG D JUDGLHQW RI FRQGLWLRQV WKDW
VXSSRUW XQLTXH HFRV\VWHPV &KDQJ 7DQJ LQ WKH 1RUWKHUQ 7LEHW LV UHOD
WLYHO\ IODW ZLWK UROOLQJ KLOOV DQG ODNHV VFDWWHUHG WKURXJKRXW WKH ODQGVFDSH
9HJHWDWLRQ LQ WKLV DUHD LV VSDUVH ZKLOH EDUUHQ URFN DQG VRLO GRPLQDWH WKH
JURXQG \HW LQ SODFHV ZLWK KLJKHU JURXQGZDWHU WDEOH ODUJH DUHDV RI JUD]LQJ
ODQGV FDQ EH IRXQG $OGHQGHUIHU DQG <LQRQJ 
7KH DOWLWXGH JUDGLHQW IURP ZHVW WR HDVW DQG WKH DEXQGDQFH RI JODFLHUV
RQ WKH 7LEHWDQ 3ODWHDX GHWHUPLQH WKDW WKLV DUHD LV WKH VRXUFH RI VHYHUDO
PDMRU ULYHUV LQ $VLD EXW WKH IORZ RI PRVW ULYHUV LQ 7LEHW LV OLPLWHG GXH
WR WKH ODUJH HYDSRUDWLRQSUHFLSLWDWLRQ UDWLR DQG IODW WHUUDLQ VXFK DV WKH
XSSHU VHFWLRQV RI WKH <HOORZ 5LYHU DQG WKH <DQJW]H 5LYHU $Q H[FHSWLRQ
LV 5LYHU %UDKPDSXWUD LQ WKH VRXWK WKDQNV WR ODUJHU DOWLWXGH GLIIHUHQFH LQ
WKLV DUHD
$ QXPEHU RI ODNHV DUH VFDWWHUHG RYHU WKH 7LEHWDQ 3ODWHDX DQG FRQVWL
WXWH DQ LPSRUWDQW IHDWXUH RI WKH DUHD¶V QDWXUDO HQYLURQPHQW 7KHVH ODNHV
DUH EHOLHYHG WR KDYH EHHQ IRUPHG GXULQJ WKH JODFLDO HSRFK DQG DUH IHG
PDLQO\ E\ JODFLDO PHOWZDWHUV RU LQ WKH VRXWK RI WKH 7LEHWDQ 3ODWHDX E\
PRQVRRQDO UDLQV $OGHQGHUIHU DQG <LQRQJ  2YHU  ODNHV DUH RI
VL]HV DERYH  km2 ZKLOH 4LQJKDL /DNH 1DP &R 6LOLQJ &R 7DQJUD <XPFR
DQG <DP]KR <XPFR DUH RYHU  km2 LQ DUHD $ VDOLQH ODNH EHOW FDQ EH

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GHILQHG E\ WKH ZHVWHUQ SDUW RI WKH .DUDNRUXP+LPDOD\DPRXQWDLQV DQG D
OLQH FRQQHFWLQJ 4LQJKDL /DNH DQG <DP]KXR <XPFR 7KLV UHJLRQ EHORQJV
WR WKH HDVWHUQ VHFWLRQ RI WKH VDOLQH ODNH EHOW LQ WKH QRUWKHUQ KHPLVSKHUH
EXW 4LQJKDL /DNH LV RXWVLGH WKH EHOW 7KH EHOW FDQ EH IXUWKHU GLYLGHG LQWR 
GLVWULFWV )LJXUH  IURP QRUWK WR VRXWK 4LOLDQ LQIORZ GLVWULFW 4DLGDP
LQIORZ GLVWULFW .XPNRO LQIORZ GLVWULFW +RK ;LO LQIORZ GLVWULFW 4LDQJWDQJ
LQIORZ GLVWULFW 1RUWK 7LEHW LQIORZ GLVWULFW DQG 6RXWK 7LEHW LQIORZRXWIORZ
GLVWULFW =KHQJ HW DO  /DUJH IUHVK ZDWHU ODNHV WKDW FDQ VHUYH DV ZDWHU
VXSSO\ WR KXPDQ DQG OLYHVWRFN SRSXODWLRQV DUHPXFK IHZHU RQ WKH SODWHDX
DQG WKHLU YROXPHV DUH OLPLWHG EXW PDQ\ VPDOO RQHV DUH VFDWWHUHG RYHU WKH
SODWHDX DV D UHVXOW RI LWV XQGXODWLQJ WHUUDLQ
 3DODHRFOLPDWH DQG FOLPDWH
7KH SDODHRFOLPDWH UHFRUG RQ WKH 7LEHWDQ 3ODWHDX EHIRUH WKH +RORFHQH KDV
UHODWLYHO\ IHZ GDWD DYDLODEOH 7KH GLUHFW UHFRUG RI WKH 3OHLVWRFHQH FRPHV
PDLQO\ IURP LFH FRUH VDPSOHV ZKRVH UHFRUG DELOLW\ LV OLPLWHG E\ WKH FRQ
GLWLRQ DQG SUHVHUYDWLRQ RI WKH JODFLHU $PRQJ WKH LFH FRUH UHFRUGV WKH
*XOL\D LFH FRUH KROGV DQ H[FHSWLRQDOO\ H[WHQVLYH UHFRUG WKDW KDV EHHQGDWHG
WR DV HDUO\ DV  WKRXVDQG \HDUV N\U EHIRUH SUHVHQW %3 <DQJ HW DO
 %XW DVLGH IURP WKLV WKH UHFRQVWUXFWLRQ RI WKH SDODHRFOLPDWH RQ
WKH 7LEHWDQ 3ODWHDX KDV WR UHO\ RQ LQIHUHQFH EDVHG RQ RWKHU GDWD FROOHFWHG
LQ VXUURXQGLQJ DUHDV DQG NQRZQ FOLPDWLF HYHQWV
7KH HDUO\ JODFLDO SHULRG GDWHV EDFN WR  ±  N\U %3 DQG LW LV EH
OLHYHG WKDW UHJLRQDO FOLPDWLF FRQGLWLRQV ZHUH SRVVLEO\ DV H[WUHPH DV GXU
LQJ WKH ODVW JODFLDO PD[LPXP /*0 %UDQWLQJKDP HW DO  DV JODFLDO
DGYDQFH LQ WKLV SHULRG H[FHHGV WKDW LQ /*0 'XULQJ WKLV SHULRG WKH H[
WHQW RI LFH RQ WKH 7LEHWDQ 3ODWHDX PD\ KDYH UHDFKHG  km2 'HU
E\VKLUH HW DO  %HWZHHQ  DQG  N\U %3 WKHUH ZDV DQ LQWHUJODFLDO
SHULRG FKDUDFWHULVHG E\ FRRO VXPPHU WHPSHUDWXUH DQG LQFUHDVHG SUHFLSL
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)LJXUH  4LQJKDL7LEHW SODWHDX DQG ODNH GLVWULFWV  4LOLDQ LQIORZ GLVWULFW  4DLGDP LQIORZ GLVWULFW  .XPNRO LQIORZ GLVWULFW
 +RK ;LO LQIORZ GLVWULFW  4LDQJWDQJ LQIORZ GLVWULFW  1RUWK 7LEHW LQIORZ GLVWULFW  6RXWK 7LEHW LQIORZRXWIORZ GLVWULFW
5HGUDZQ IURP =KHQJ HW DO  %RXQGDU\ DQG ZDWHUV PDS GDWD REWDLQHG IURP 6WDWH %XUHDX RI 6XUYH\LQJ DQG 0DSSLQJ RI
&KLQD 

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WDWLRQ $V D UHVXOW ODNH ZDWHU OHYHOV LQ WKH QXPHURXV ODNHV DFURVV WKH UH
JLRQ URVH LQ WKLV SHULRG DQG VRPH GHVHUW ZDV WXUQHG VWHSSH %UDQWLQJKDP
HW DO 
7KH /*0  ±  N\U %3 ZDV FKDUDFWHULVHG E\ LQFUHDVHG DULGLW\
GHFOLQHG WHPSHUDWXUH DQG LQFUHDVHG HYDSRUDWLRQ $V D UHVXOW WKH ODNHV
VKUDQN LQ WKLV SHULRG DQG QR JODFLDO DGYDQFH ZDV UHFRUGHG 7KH JHQHUDO
SDWWHUQ RI JODFLHU GLVWULEXWLRQ DW WKLV WLPH PD\ EH VLPLODU WR WKDW RI WKH
SUHVHQW GD\ ZLWK WKH HDVWZHVW UDQJHV GRPLQDWLQJ WKH GLVWULEXWLRQ ,Q
WKH SRVW/*0 SHULRG VRPH ODNHV UHHQWHUHG DQ H[SDQVLRQ SKDVH EXW WKH
GHVHUWV ZHUH QRW VKULQNLQJ
7KH JODFLDOLQWHUJODFLDO WUDQVLWLRQ WRRN SODFH LQ 7LEHW DERXW 
\HDUV %3 $ YDULHW\ RI SUR[\ LQGLFDWRUV VXJJHVW WKDW HIIHFWLYH KXPLGLW\
UHDFKHG D SHDN DERXW ±  \HDUV %3 ZKLFKZDV DVVRFLDWHGZLWK
D UDSLG ULVH LQ WHPSHUDWXUH RQ WKH SODWHDX 7KH GHFUHDVHG VQRZ DQG LFH
FRYHU PD\ KDYH KHOSHG VWUHQJWKHQ WKH PRQVRRQ $Q HW DO 
7KH FOLPDWH LQ WKH HDUO\ WR PLGGOH +RORFHQH ZDV ZDUPHU DQG ZHWWHU
WKDQ DW SUHVHQW *DVVH HW DO  %XW WKH FHQWUDO DQG ZHVWHUQ 7LEHW PD\
KDYH UHWXUQHG WR FROG GU\ FRQGLWLRQV DW DERXW  \HDUV %3 ZKLFK
LV LQ FRQWUDVW ZLWK RWKHU DUHDV RQ WKH SODWHDX /HKPNXKO DQG +DVHOHLQ
 7KLV PD\ EH WKH UHVXOW RI GLIIHUHQW PRQVRRQ FRQGLWLRQV LQ WKLV
DUHD 7ZR LFH FRUHV IURP 'XQGH DQG *XOL\D UHFRUG WKH FOLPDWLF YDULD
WLRQV LQ WKH +RORFHQH ZLWK KLJK WHPSRUDO UHVROXWLRQ 7KH *XOL\D LFH FRUH
VKRZHG WKDW DIWHU WKH <RXQJHU 'U\DV FROG HYHQW  N\U %3 WHPSHUD
WXUHV LQFUHDVHG SRVVLEO\ GXH WR WKH RFFXUUHQFH RI D PRQVRRQ PD[LPXP
*H HW DO  WKHQ GURSSHG VXGGHQO\ DW  \HDUV %3 7KLV ZDUP
SKDVH VWDUWHG DQG HQGHG HDUOLHU WKDQ LQ RWKHU SODFHV RI WKH ZRUOG )URP
 WR  \HDUV %3 LW ZDV UHODWLYHO\ FROG DQG GU\ :X HW DO 
DQG WKH HYLGHQFH VXJJHVWV WKDW WKH FRROLQJ PLJKW KDYH OHG WR WKH ZHDNHQ
LQJ RI WKH $VLDQ VXPPHU PRQVRRQ -LQ HW DO  'HFUHDVHV LQ PRQ

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VRRQ SUHFLSLWDWLRQPD\ KDYH WDNHQ SODFH DQG DUH UHFRUGHG LQ &HQWUDO 7LEHW
ODNH VHGLPHQW UHFRUGV 0RUULOO HW DO  7HPSHUDWXUHV URVH DJDLQ DI
WHU  \HDUV %3 H[FHSW IRU D FROG SKDVH IURP  WR  \HDUV %3
$ULGLW\ LQFUHDVHG DIWHU  \HDUV %3 ZLWK WKH SHULRG RI PD[LPXP DULG
LW\ RQ WKH FHQWUDO 7LEHWDQ3ODWHDX RFFXUULQJ DIWHU  \HDUV %3 :XHW DO
 %XW WKLV GDWD LV FRQVLGHUHG WR RQO\ EH UHIOHFWLQJ FOLPDWH FKDQJHV
QHDU WKH ERXQGDU\ RI WKH 7LEHWDQ 3ODWHDX 7KH LQWHULRU RI WKH SODWHDX KDV
PXFK OHVV GDWD :X HW DO  7KH WHPSHUDWXUH FKDQJHV IURP 
\HDUV %3 XQWLO WKH SUHVHQW GD\ DFFRUGLQJ WR YDULRXV VRXUFHV LV LOOXVWUDWHG
LQ )LJXUH 
1R GDWD
&ROG
5DSLG
ZDUP
*UDGXDO
FRROLQJ
&RRO
$Q HW DO

17LEHW
1R GDWD
:DUPLQJ
6XGGHQ
FRROLQJ
:DUPLQJ
&ROG
1R GDWD
:X HW DO

&7LEHW
1R GDWD
&ROG
:DUP
&ROG
:DUP
&ROG
:DUP
<DQJ HW DO

1(67LEHW
?
?
<HDUV %3<HDUV %3








)LJXUH  &OLPDWLF HSLVRGHV IURP +RORFHQH DFFRUGLQJ WR YDULRXV
VRXUFHV
$VLGH IURP FOLPDWH FKDQJHV WKDW FRYHU D ORQJ WLPH VSDQ VLQFH DJULFXO
WXUDOLVWV DQG SDVWRUDOLVWV FRORQLVHG WKH SODWHDX VHH 6HFWLRQ  WKHUH
KDYH EHHQ D IHZ FOLPDWH FKDQJH HYHQWV WKDW WRRNSODFH RQ D UHODWLYHO\ VKRUWHU
WLPH VFDOH 7KRXJK WKHVH HYHQWV DUH VKRUW LQ WHUPV RI JHRORJLFDO WLPH WKH\
KDYH KDG LPSDFWV RQ WKH UHJLRQ¶V HFRV\VWHP DQG VRFLRHFRQRPLF V\VWHP
7KH R[\JHQ LVRWRSH OHYHO LQ LFH FRUH VDPSOHV FROOHFWHG IURP'XQGH *XOL\D

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DQG 'DVXRSR VKRZV VWDEOH RU GHFUHDVLQJ WUHQG IRU WKH ODVW PLOOHQQLXP
7KRPSVRQ HW DO  VKRZLQJ WKDW WKH WHPSHUDWXUH LQ WKLV SHULRG LV
VWDEOH ZLWK D IHZ FRROLQJ HYHQWV 7KH *XOL\D DQG 'XQGH LFH FRUH VDPSOHV
ERWK UHFRUGHG WKUHH FROG HYHQWV WKDW WRRN SODFH DURXQG WKH WK WK DQG
WK FHQWXU\ UHVSHFWLYHO\ 7KLV LV FRQILUPHG E\ RWKHU HYLGHQFH VXFK DV
JODFLHU PRUDLQH ULGJHV REVHUYHG LQ WKH YLFLQLW\ DQG WHPSHUDWXUH UHFRUGV
LQ 6KDQJKDL VLQFH  <DR HW DO  7KH OHQJWK DQG VL]H RI WKHPRUDLQH
ULGJHV DOVR UHYHDOV LQIRUPDWLRQ DERXW WKH LQWHQVLW\ DQG UHODWLYH WHPSHUD
WXUH FKDQJH GXULQJ WKH FRROLQJ HYHQW
0RUHRYHU ODNH VHGLPHQW HYLGHQFH VKRZV WKDW LQ &HQWUDO 7LEHW D 
\HDU GURXJKW WRRN SODFH EHWZHHQ  DQG  \U %3 DQG WKH -XO\
WHPSHUDWXUH GURSSHG E\  ◦C LQ WKH SHULRG EHWZHHQ  WR  \U %3
'XH WR WKHVH HYHQWV¶ HIIHFWV WKH VWHSSHPHDGRZ HFRWRQH LQ WKLV DUHD KDV
VKLIWHG HDVW DQG ZHVW VHYHUDO WLPHV LQ WKH SDVW WZR PLOOHQQLD 6KHQ HW DO
 7KHUH KDYH EHHQ H[WHQVLYH VWXGLHV LQGLFDWLQJ WKDW WKH WK FHQWXU\
FOLPDWH LQ 7LEHW LV VKRZLQJ D VLJQLILFDQW WUHQG RI LQFUHDVHG WHPSHUDWXUH
DQG DULGLW\ 7KH HYLGHQFH LQFOXGHV GLUHFW REVHUYDWLRQ -RQHV DQG <RVKLQR
 JODFLHU UHWUHDW +H HW DO  SHUPDIURVW WHPSHUDWXUH :X DQG
/LX  DQG WUHHULQJ FKURQRORJLHV *RX HW DO 
7KH 7LEHWDQ FOLPDWH DW SUHVHQW LV FKDUDFWHULVHG E\ VWURQJ VHDVRQDOLW\
DQG DQQXDO IOXFWXDWLRQ LQ SUHFLSLWDWLRQ DQG WHPSHUDWXUH 7KLV LV EHFDXVH
WKH DUHD LV XQGHU WKH FRQWURO RI YDULRXV FOLPDWH V\VWHPV DW GLIIHUHQW WLPHV
RI WKH \HDU 7KH PDLQ V\VWHPV LQIOXHQFLQJ WKH FOLPDWH LQFOXGH WKH :HVW
HUOLHV DQG 6RXWK $VLD 0RQVRRQ ,Q QRUWKHUQ 7LEHW WKH ZHVWHUO\ ZLQGV DUH
DQ LPSRUWDQW FLUFXODWLRQ SDWWHUQ WKURXJKRXW WKH \HDU ZKLFK EULQJ GU\ DQG
FROG DLU IURP WKH FHQWUDO SDUW RI WKH$VLDQ FRQWLQHQW WR QRUWKZHVWHUQ&KLQD
%DR HW DO  7KH ZHVWHUOLHV DUH DOVR UHVSRQVLEOH IRU EULQJLQJ PRLV
WXUH WR WKH SODWHDX DQG IRUP SUHFLSLWDWLRQ IURP 2FWREHU WR 0D\
7KH JHRJUDSKLFDO SRVLWLRQ RI WKH FRQYHUJHQFH ]RQH ZKHUH WKH $WODQWLF

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ZHVWHUOLHV PHHW WKH $VLDQ PRQVRRQDO V\VWHP GHSHQGV RQ WKHLU UHODWLYH
VWUHQJWK 7KHVH VWUHQJWKV DUH GHWHUPLQHG E\ WKH LQWHQVLWLHV RI WKH DLU SUHV
VXUH JUDGLHQWV RYHU WKH 1RUWK $WODQWLF DQG WKH 6LEHULDQ +LJK 3UHVVXUH
&HOO UHVSHFWLYHO\ 9DQGHQEHUJKH HW DO  7KH 1RUWK $WODQWLF 2VFLO
ODWLRQ 1$2 UHIOHFWV WKH LQWHQVLW\ RI WKH ZHVWHUOLHV ,W KDV EHHQ UHSRUWHG
WKDW 1$2 KDV EHHQ LQ DQ H[WUHPHO\ VWURQJ SKDVH VLQFH  <DQJ HW DO

7KH QRUWKHUQ SDUW RI WKH 7LEHWDQ 3ODWHDX¶V ZHDWKHU V\VWHP LV PDLQO\
FRQWUROOHG E\ WKH ZHVWHUOLHV 7KH ]RQH D[LV RI WKH QRUWKHUQ ZHVWHUO\ VKLIWV
EHWZHHQ DERXW ◦ WR  ◦1 LQ JODFLDOLQWHUJODFLDO F\FOHV 6XQ  7KH
GXVW DQG DHURVROV RYHU WKH SODWHDX DUH DOVR UHODWHG WR WKH LQWHQVLW\ RI WKH
ZHVWHUO\ $V WKH ZHVWHUO\ KDV ZHDNHQHG LQ UHFHQW \HDUV WKH IUHTXHQF\ RI
GXVW HYHQWV LQ 7LEHW KDV DOVR GHFOLQHG :DQJ <DR <DQJ 6KHQ DQG :DQJ
 ,Q VSULQJ GXVW LV WUDQVSRUWHG VRXWKZDUG IURP WKH 7DNODPDNDQ
'HVHUW DQG WKH 4DLGDP %DVLQ E\ QRUWKZHVWHUO\ VXUIDFH ZLQGV $ VWXG\
VKRZV WKDW WKHZHVWHUOLHV FRQWULEXWH DERXW RI WKH WRWDO GXVW LQ WKH FHQ
WUDO 4LQJKDL7LEHW 3ODWHDX ;LDR HW DO  +RZHYHU WKH ZHVWHUOLHV DUH
EORFNHG E\ 7DQJJOD 0RXQWDLQV 7KXV PRLVWXUH DQG GXVW WUDQVSRUWHG E\
WKHZHVWHUOLHV DUH VLJQLILFDQWO\ UHGXFHG LQ WKH VRXWKHUQ SDUW RI WKH SODWHDX
,Q WHUPV RI WHPSHUDWXUH WKH ZHVWHUOLHV FDQ EULQJ DERYHQRUPDO WHP
SHUDWXUH WR VRXWKHUQ DQG FHQWUDO 7LEHW <LQ HW DO  'XULQJ ZLQWHU
WKH FROG SODWHDX DQG UHODWLYHO\ZDUPHU DLU WR WKH VRXWK FUHDWH D VWURQJ WHP
SHUDWXUH JUDGLHQW DVVRFLDWHG ZLWK D ZHVWHUO\ VXEWURSLFDO MHW VWUHDP IORZ
LQJ WR WKH VRXWK 0HHKO  7KH VKLIW RI ZHVWHUOLHV LQIOXHQFHV ZLQWHU
SUHFLSLWDWLRQ LQ WKH IRUP RI VQRZ ZKLFK LQ WXUQ LQIOXHQFHV KHDW RYHU WKH
SODWHDX DQG VXPPHU SUHFLSLWDWLRQ
7KH VSULQJ DQG VXPPHU PRQVRRQ ZLQG ILHOG LV LOOXVWUDWHG LQ )LJXUH
 :LQWHU VQRZ FRYHU KDV DQ HIIHFW RQ WKH VWUHQJWK RI WKH 6RXWK $VLD
0RQVRRQ ([FHVVLYH (XUDVLDQ VQRZ FRYHU FRQVXPHV HQHUJ\ DQG UHGXFHV
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)LJXUH  &OLPDWRORJLFDOPHDQ VWUHDPOLQH DQGZLQG VSHHG PV LQ WKH
SHULRGV RI D 0D\ DQG E -XQH 7KH GDVKHG OLQH UHSUHVHQWV WKH
ULGJHOLQH RI WKH VXEWURSLFDO KLJK 7KH JUH\ ER[ LQGLFDWHV WKH ORFD
WLRQ RI WKH 7LEHWDQ 3ODWHDX $GDSWHG IURP 4LDQ DQG /HH 

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WKH VXUIDFH WHPSHUDWXUH RYHU D EURDG UHJLRQ FHQWUHG DURXQG WKH 7LEHWDQ
3ODWHDX 5HGXFHG VXUIDFH VHQVLEOH KHDW IOX[ UHGXFHV WKH PLGWURSRVSKHULF
WHPSHUDWXUH RYHU WKH 7LEHWDQ 3ODWHDX 7KH UHVXOW LV UHGXFHG PLGWURSR
VSKHULF PHULGLRQDO WHPSHUDWXUH JUDGLHQW RYHU WKH ,QGLDQ SHQLQVXOD DQG D
ZHDNHQHG PRQVRRQ FLUFXODWLRQ 9HUQHNDU HW DO 
,Q D VWXG\ RI DLU WHPSHUDWXUH DQG SUHFLSLWDWLRQ RYHU WKH SODWHDX XVLQJ
GDWD IURP  WR  LW ZDV IRXQG WKDW WKH DQRPDOLHV UHFRUGHG DW WKH
/KDVD PHWHRURORJ\ VWDWLRQ DUH RI GLIIHUHQW VLJQ IURP WKRVH UHFRUGHG E\
WKUHH RWKHU VWDWLRQV LQ WKH HDVWHUQ SDUW RI WKH SODWHDX -RQHV DQG <RVKLQR
 7KLV LV DOVR DWWULEXWHG WR WKH VXPPHU PRQVRRQ FLUFXODWLRQ
7KH LPSDFW RI WKH ,QGLDQ PRQVRRQ RQ VXPPHU SUHFLSLWDWLRQ LV PRVW
SURQRXQFHG LQ WKH VRXWK DQG VRXWKHDVW RI WKH 7LEHWDQ 3ODWHDX 7KH QRUWK
HDVWHUQ FRUQHU RI WKH SODWHDX LV LQIOXHQFHG E\ ERWK WKH ,QGLDQ 6XPPHU
0RQVRRQ DQG WKH (DVW $VLDQ 6XPPHU 0RQVRRQ $ VWXG\ E\ ;X HW DO
 KDYH VKRZQ WKDW WKH VRXUFH RI PRLVWXUH LQ WKLV DUHD LV FRQWUROOHG
PDLQO\ E\ (DVW $VLD 6XPPHU 0RQVRRQ ZKLOH WKH LQWHQVLWLHV RI WKH WZR
PRQVRRQ V\VWHPV DUH LQYHUVHO\ UHODWHG WR HDFK RWKHU
7KHUH DUH DOVR VRPHRWKHU IDFWRUV WKDW LQIOXHQFH7LEHW¶V FOLPDWH WKURXJK
WKHLU HIIHFWV RQ WKH PRQVRRQ DQG ZHVWHUOLHV VXFK DV (O 1LxR 7KH LPSDFW
RI (O 1LxR HYHQWV RQ WKH 7LEHWDQ 3ODWHDX LV GHPRQVWUDWHG E\ QHJDWLYH WHP
SHUDWXUH DQG SUHFLSLWDWLRQ DQRPDOLHV LQ WKH VXPPHU FROGHU DQG GULHU
DQG SRVLWLYH DQRPDOLHV LQ WKH ZLQWHU ZDUPHU DQG ZHWWHU %HFDXVH RI
WKLV LW LV VXJJHVWHG WKDW WKH LPSDFW RI (O 1LxR LQ ZLQWHU DQG VXPPHU XQ
GHU JOREDO FOLPDWH FKDQJH FRQGLWLRQV VKRXOG EH VWXGLHG VHSDUDWHO\ -RQHV
DQG <RVKLQR 
7KH HIIHFW RI (O 1LxR RQ WKH 6RXWK $VLD0RQVRRQ LV ZHOO XQGHUVWRRG (O
1LxR HYHQWV LQWURGXFH SRVLWLYH VHD VXUIDFH WHPSHUDWXUH 667 DQRPDOLHV
ZKLFK ZHDNHQ WKH :DONHU FLUFXODWLRQ DQG WKH FLUFXODWLRQ EHWZHHQ 6RXWK
$VLD DQG QRUWKHUQ $IULFD 7KH 667 DQRPDOLHV DOVR LQGXFH FROGHU WURSR

&+$37(5  %$&.*5281'
VSKHULF WHPSHUDWXUH RYHU (XUDVLD DQG ZDUPHU WURSRVSKHULF WHPSHUDWXUH
RYHU WKH ,QGLDQ 2FHDQ 7KH DVVRFLDWHG QHJDWLYH PHULGLRQDO JUDGLHQW RI
WKH WURSRVSKHULF WHPSHUDWXUH DQRPDOLHV LV FRQVLVWHQW ZLWK WKH H[LVWHQFH
RI WKH ZHDN $VLDQ VXPPHU PRQVRRQ &KRX  ,QFUHDVHG ZLQWHU SUH
FLSLWDWLRQ FDXVHG E\ DOWHUHG ODQGVHD PHULGLRQDO WKHUPDO FRQWUDVW IXUWKHU
OHDGV WR D ZHDNHU0RQVRRQ LQ WKH QH[W VXPPHU ,Q DGGLWLRQ WKH WHPSHUD
WXUH LQFUHDVH LQ VSULQJPD\ DIIHFW WKH RQVHW GDWH RI WKH (DVW $VLD0RQVRRQ
-RQHV DQG <RVKLQR  ,Q FRPSDULVRQ WKH HIIHFW RI /D 1LxD LH QHJ
DWLYH 667 DQRPDO\ LV OLPLWHG WR WKH HDVWHUQPDUJLQ RI WKH 7LEHWDQ 3ODWHDX
DQGPD\ RQO\ H[SODLQ RI WHPSHUDWXUH GLIIHUHQFH WKHUH <LQ HW DO 
6RPH UHVHDUFKHUV QHYHUWKHOHVV VXJJHVW WKDW WKH UHODWLRQVKLS EHWZHHQ
(O 1LxR6RXWKHUQ 2VFLOODWLRQ DQG WKH ,QGLDQ PRQVRRQ SUHFLSLWDWLRQ LV
ZHDNHQHGGXH WR DPRGLILHG$WODQWLF FLUFXODWLRQSDWWHUQ &KDQJ HW DO 
7KHVH UHVHDUFKHUV VXJJHVW WKDW WKHZDUPHU(XUDVLDQ ODQG VXUIDFH LQ UHFHQW
GHFDGHV UHVXOWHG LQ D ZHWWHU PRQVRRQ HYHQ LQ WKH SUHVHQFH RI (O 1LxR
<HW WKLV FDQQRW H[SODLQ WKDW LQ FROG HYHQWV WKH (O 1LxR HIIHFWV GLG QRW EH
FRPH VWURQJHU 7KXV WKH\ VXJJHVW WKDW ERWK WKH 1RUWK $WODQWLF 2VFLOODWLRQ
1$2 DQG WKH $UFWLF 2VFLOODWLRQ $2 KDYH EHHQ LQ D SRVLWLYH SKDVH LQ
UHFHQW GHFDGHV ZKLFK FDXVHV WKH ZHVWHUOLHV WR WXUQ QRUWKHDVWZDUG DQG D
MHW VWUHDP WR EH VWUHQJWKHQHG ZKHQ LW UHDFKHV &HQWUDO DQG (DVWHUQ $VLD
'XH WR WRSRJUDSKLF DQG GLVWDQFH IDFWRUV WKH FOLPDWH V\VWHPV KDYH GLI
IHUHQW LQIOXHQFHV RQ GLIIHUHQW SDUWV RI WKH SODWHDX 7KHUH DUH DOVR GLIIHU
HQFHV GXH WR DOWLWXGH DQG ODWLWXGH WKHUHIRUH WKH SODWHDX FDQ EH GLYLGHG
LQWR VHYHUDO ]RQHV ZLWK WKHLU SDUWLFXODU FOLPDWH IHDWXUHV 7KH GHOLQHDWLRQ
RI WKHVH SDUWV RI WKH SODWHDX LV VKRZQ LQ )LJXUH 
1RUWKHUQ 7LEHW ZLWK D ODWLWXGH DERYH ◦ DORQJ ZLWK WKH ZHVWHUQ DQG
VRXWKHUQ SDUW RI 4LQJKDL 3URYLQFH LV WUDGLWLRQDOO\ FDOOHG &KDQJWDQJ E\ OR
FDOV $ GHVFULSWLRQ RI WKLV DUHD VWDWHV WKDW WKH WHPSHUDWXUH LQ VXPPHU LV
RQO\ D GHJUHH RU WZR DERYH IUHH]LQJ EXW WKH GDLO\ DQG VHDVRQDO WHPSHUD

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)LJXUH  'HOLQHDWLRQ RI 1RUWKHUQ (DVWHUQ 6RXWKHUQ DQG:HVWHUQ 7LEHWDQ 3ODWHDX 7KH EDVH PDS ZDV GUDZQ XVLQJ GDWD SURYLGHG
E\ WKH 1DWLRQDO )XQGDPHQWDO *HRJUDSKLF ,QIRUPDWLRQ 6\VWHP RI &KLQD 6WDWH %XUHDX RI 6XUYH\LQJ DQG 0DSSLQJ 

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WXUH UDQJHV DUH PXFK QDUURZHU WKDQ WKH\ DUH LQ PDQ\ SDUWV RI WKH ZRUOG
7HPSHUDWXUH JUDGLHQWV DUH DOVR ORZ .LQJGRQ:DUG 
7KLV DUHD LV SURWHFWHG IURPPRQVRRQDO UDLQIDOO E\ WKH+LPDOD\DPRXQ
WDLQ UDQJH WR WKH VRXWK DQG WKH +HQJGXDQ 0RXQWDLQV WR WKH VRXWKHDVW
7KXV WKH SUHFLSLWDWLRQ FDQ EH DV OLWWOH DV  mm SHU \HDU 1RW DOO SUHFLSL
WDWLRQ LV GHULYHG IURP PRLVWXUH IURP WKH RFHDQ 3UHFLSLWDWLRQ LQ WKLV DUHD
PD\ KDYH FRPH IURPZDWHU YDSRXUZKLFK KDV H[SHULHQFHG VHYHUDO F\FOHV RI
FRQGHQVDWLRQSUHFLSLWDWLRQHYDSRUDWLRQ XQGHU WKH PRQVRRQ FLUFXODWLRQ
6WXG\ DQG VLPXODWLRQ VKRZ WKDW RYHU  RI WKH SUHFLSLWDWLRQ FRPHV IURP
ODQG VXUIDFH HYDSRUDWLRQ <DQJ HW DO  'XH WR ORZHU WHPSHUDWXUHV
WKH HYDSRUDWLRQ RI VRLO PRLVWXUH LQ 1RUWKHUQ 7LEHW LV ZHDNHU WKDQ LQ WKH
VRXWK WKXV WKH SUHFLSLWDWLRQ LV UHGXFHG <DQJ HW DO 
,Q ZLQWHU WKH SUHFLSLWDWLRQ LV PDLQO\ LQIOXHQFHG E\ DQ ,QGLD%XUPD
WURXJK DQ LQWHQVLILHG VXEWURSLFDO ZHVWHUO\ MHW DV ZHOO DV DVFHQGLQJ PR
WLRQ RYHU WKH 7LEHWDQ 3ODWHDX 2WKHU IDFWRUV LQFOXGH PRLVWXUH VXSSO\ DV
VRFLDWHG ZLWK WKH VRXWKHUO\ IORZ RYHU WKH %D\ RI %HQJDO DQG KXPLGLW\ RYHU
WKH ,QGLDQ 2FHDQ =KDQJ HW DO 
7KH HQHUJ\ IOX[ RYHU WKH DUHD VKRZV VLJQLILFDQW GLXUQDO DQG VHDVRQDO
YDULDWLRQV ,Q D JLYHQ GD\ WKH QHW UDGLDWLRQ VHQVLEOH KHDW ODWHQW KHDW
DQG VRLO KHDW IOX[ LQFUHDVH ZLWK LQFUHDVLQJ VRODU DOWLWXGH DQJOH DQG UHDFK
D PD[LPXP DURXQG QRRQ 7KH VHQVLEOH DQG ODWHQW KHDW IOX[HV YDU\ ZLWK
HDFK PRQWK )URP WKH EHJLQQLQJ RI -XO\ XQWLO 6HSWHPEHU WKH ODWHQW KHDW
IOX[ LV WKH PDLQ DVSHFW WKHQ VHQVLEOH KHDW IOX[ LV WKH PDLQ DVSHFW XQWLO
WKH QH[W 0D\ 0D DQG 0D  6XFK YDULDWLRQV PD\ KDYH DQ HIIHFW RQ
ODQGDWPRVSKHUH LQWHUDFWLRQV DQG ZHDWKHU HYHQWV VXFK DV SUHFLSLWDWLRQ
DQG ZLQG
7KH 1$2 LV UHSRUWHG WR KDYH HIIHFWV RQ WKH VXPPHU SUHFLSLWDWLRQ RYHU
WKH HDVWHUQ 7LEHWDQ 3ODWHDX 7KH XSSHU VWUHDP ]RQDO IORZ YDULDWLRQ DVVR
FLDWHG ZLWK WKH 1$2 SDWWHUQ LV WKRXJKW WR EH WKH PDMRU PHFKDQLVP OLQN
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LQJ WKH UHJLRQDO SUHFLSLWDWLRQ IOXFWXDWLRQ WR PDFURVFDOH FLUFXODWLRQ FRQGL
WLRQV /LX DQG <LQ  'XULQJ VXPPHUV ZLWK ORZ 1$2 LQGH[ YDOXHV
WKH ZHVWHUO\ ZLQGV EHWZHHQ ◦ DQG ◦1 IURP WKH HDVWHUQ $WODQWLF WR (X
URSH DUH LQWHQVLILHG ZKLFK JHQHUDWHV DQRPDORXV DQWLF\FORQLF IORZV LQ WKH
ORZHUODWLWXGH DUHD WR WKH ZHVW RI WKH SODWHDX DQG VWURQJHU G\QDPLF ELIXU
FDWLRQ IORZV WR WKH VRXWK RI WKH SODWHDX ZKLFK SURPRWH GHYHORSPHQW RI
F\FORQLF IORZV WR WKH HDVW RI WKH SODWHDX ,Q WKLV FDVH WKH VRXWKHUO\ ZLQG LQ
WKH VRXWKHUQ SDUW RI WKH HDVWHUQ 7LEHWDQ SODWHDX DQG WKH QRUWKHUO\ ZLQG LQ
WKH QRUWKHUQ SDUW DUH VWUHQJWKHQHG VLPXOWDQHRXVO\ ZKLFK EULQJV VWURQJHU
SUHFLSLWDWLRQ LQ VXPPHU
7KH WRSRJUDSK\ RI WKH DUHD LV GRPLQDWHG E\ VHYHUDO PRXQWDLQ UDQJHV
LQFOXGLQJ WKH +HQJGXDQ 0RXQWDLQV DQG *RQJNDU 0RXQWDLQ LQ QRUWK
VRXWK GLUHFWLRQ ZLWK GHHS YDOOH\V EHWZHHQ WKHP $V D UHVXOW D VWURQJ
YHUWLFDO JUDGLHQW RI YHJHWDWLRQ LV PDQLIHVWHG LQ WKLV DUHD 7KH DYHUDJH DOWL
WXGH GLIIHUHQFH PD\ EH PRUH WKDQ  PHWUHV 7KH FOLPDWH W\SH UDQJHV
IURP VXEWURSLFDO WR DOSLQH
7KH QRUWKHDVWHUQ SDUW RI WKH SODWHDX KDV ORZHU PHDQ WHPSHUDWXUHV LQ
ZLQWHU WKDQ WKH VRXWKHUQ DQG HDVWHUQ SDUWV 7KH ZDUPLQJ IURP -DQXDU\
WR -XO\ LV PRUH LQWHQVH RYHU WKLV DUHD 7KH WHPSHUDWXUH LQ WKLV DUHD PD\
EH DOVR UHODWHG WR ,QGLDQ VXPPHU PRQVRRQ UDLQIDOO ,605 ZLWK D VLJQLI
LFDQW QHJDWLYH FRUUHODWLRQ EHWZHHQ -DQXDU\ SUHFLSLWDWLRQ DQG ,605 %XW
WKH FRUUHODWLRQ UHGXFHV UDSLGO\ WKURXJK WR'HFHPEHU %DQVRG HW DO 
$QRWKHU IDFWRU LQIOXHQFLQJ ZLQWHU WHPSHUDWXUH LV FOLPDWH FKDQJH *RX
HW DO  FRQFOXGHG WKDW WKH PHDQ ZLQWHU KDOI\HDU PLQLPXP WHPSHU
DWXUH LQFUHDVHG E\ DERXW  ◦C IURP  WR  0HWHRURORJLFDO GDWD
DQG SDUWLDO FRUUHODWLRQ DQDO\VLV VKRZHG WKDW WKH HDVWHUQ 7LEHWDQ 3ODWHDX
DV D KHDW VRXUFH PD\ LQIOXHQFH WKH UDLQIDOO LQ WKH XSSHUPLGGOH UHDFKHV
RI WKH <DQJW]H ULYHU ZLWK VWURQJHU KHDW VRXUFHV FDXVH DEXQGDQW UDLQIDOO
-LDQ HW DO 

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7KH VRXWKHUQ 7LEHWDQ 3ODWHDX LV PDLQO\ LQIOXHQFHG E\ WKH 6RXWK $VLD
0RQVRRQ LQ WKH VXPPHU &KDQJ  7KH PRQVRRQ EULQJV SUHFLSLWD
WLRQ DQG HQHUJ\ ZKLFK LV QHHGHG E\ YHJHWDWLRQ GXULQJ WKH JURZLQJ VHD
VRQ ZKLFK PDNHV LW SRVVLEOH WR VXSSRUW WKH FRPSOLFDWHG HFRV\VWHP LQ WKH
DUHD +RZHYHU WKH LQIOXHQFH RI WKH PRQVRRQ LV FRQVLGHUDEO\ UHGXFHG DV
LW DGYDQFH IXUWKHU LQWR WKH QRUWK
7KH JODFLHUV LQ WKLV DUHD UHIOHFW WKH LPSDFW RI FOLPDWH FKDQJH 7KH\ DUH
LQIOXHQFHG E\ WKH VRXWKZHVW PRQVRRQ LQ WKH VXPPHU ZKLFK FDQ EH VHHQ
DV D SDUW RI WKH ,QGLDQ PRQVRRQ V\VWHP DQG WKH ZHVWHUOLHV LQ WKH ZLQWHU
,QWHQVLILHG VXPPHU PRQVRRQ EULQJV PRLVWXUH WKDW FRQGHQVHV DW KLJK DO
WLWXGHV DQG KHOSV JODFLHU JURZWK EXW LQFUHDVHG WHPSHUDWXUH PD\ KLQGHU
WKH DGYDQFH RI JODFLHUV +H HW DO  $V PRQVRRQV DUH ZHDNHQHG DQG
WKH JODFLHUV DUH UHWUHDWLQJ WKH SUHFLSLWDWLRQ LV SUREDEO\ PRUH LPSRUWDQW
LQ WKH JURZWK RI JODFLHUV 7KH FRPSOLFDWHG LQWHUDFWLRQ EHWZHHQ PRQVRRQ
DQG JODFLHUV UHTXLUHVPRUH LQYHVWLJDWLRQ LQ RUGHU WR TXDQWLI\ WKH LQIOXHQFH
RI WHPSHUDWXUH DQG SUHFLSLWDWLRQ FKDQJHV
7KH ZHVWHUQ SDUW RI WKH SODWHDX LV FDOOHG D GU\ UHJLRQ 7KH PRLVWXUH
RYHU WKH DUHD LV WKRXJKW WR FRPH PDLQO\ IURP WKH $UDELDQ 6HD %DR HW DO
 7KH HYDSRUDWLRQ OHYHO LV XVXDOO\  WR  WLPHV WKDW RI WKH SUHFLS
LWDWLRQ 3UHFLSLWDWLRQ LV OHVV WKDQ  mm/\HDU ZKLFK IDOOV LQ VXPPHU DV
FRQYHFWLYH UDLQ RU VQRZ 0HDQ DQQXDO WHPSHUDWXUH KDV EHHQ HVWLPDWHG DW
 ◦C ZLWK D PRQWKO\ PHDQ WHPSHUDWXUH PD[LPXP LQ -XO\  ◦C DQG
PLQLPXP LQ -DQXDU\  ◦C (YDSRWUDQVSLUDWLRQ LV HVWLPDWHG DW 
mm/\HDU 9DQ &DPSR DQG *DVVH 
2Q WKH ZHVWHUQ 7LEHWDQ 3ODWHDX DWPRVSKHULF KHDWLQJ PDLQO\ UHVXOWV
IURPYHUWLFDO FRQYHFWLRQ GHULYHG E\ VXUIDFH KHDWLQJ %DR HW DO  6HQ
VLEOH KHDW IOX[ LV GRPLQDQW /DWHQW KHDW IOX[ VWURQJO\ GHSHQGV RQ WKH H[
LVWHQFH RI SUHFLSLWDWLRQ EHFDXVH ZKHQ WKH VRLO PRLVWXUH LV LQFUHDVHG WKH
HYDSRUDWLRQ IURP WKH JURXQG VXUIDFH EHFRPHV DFWLYH 5DGLDWLRQ IOX[ DOVR
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GHSHQGV RQ WKH H[LVWHQFH RI SUHFLSLWDWLRQ DV WKH HYDSRUDWLRQ LV OLQNHG WR
SUHFLSLWDWLRQ DQG FRQWUROV WKH ULVH RI JURXQG VXUIDFH WHPSHUDWXUH +DJL
QR\D 
7KH LPSDFW RI FOLPDWH FKDQJH RQ WKH 3ODWHDX VLQFH WKH V LV FRP
SOLFDWHG $OWKRXJK DW WKH PRPHQW LW LV QRW SRVVLEOH WR OLVW H[KDXVWLYHO\ DOO
SRVVLEOH HIIHFWV VRPH LPSDFWV RI UHFHQW FOLPDWH FKDQJH FDQ EH H[DPLQHG
7KHPRVW GLUHFW RQH LV WKH FKDQJH RI WHPSHUDWXUH $QDO\VLV RIPHWHRURORJ
LFDO GDWD VKRZV WKDW WKH WHPSHUDWXUH RYHU WKH SODWHDX LV JHQHUDOO\ LQFUHDV
LQJ KRZHYHU WKH GHJUHH YDULHV ZLWK WKH ORFDWLRQ 7KH LQFUHDVH VHHPV WR
EH PRUH DSSDUHQW LQ WKH KLJKHU HOHYDWLRQ RI QRUWKHUQ DQG ZHVWHUQ 7LEHW
DQG VPDOOHU LQ ORZHU HOHYDWLRQ DUHDV DQG ULYHU YDOOH\V LQ WKH VRXWK /LX
*XR DQG:DQJ  ,Q WHUPV RI SUHFLSLWDWLRQ VRXWKHUQ DQG HDVWHUQ 7L
EHW KDV VHHQ SUHFLSLWDWLRQ UHGXFHG GXH WR D ZHDNHQHG PRQVRRQ VRPH UH
VHDUFKHUV UHSRUW WKDW SUHFLSLWDWLRQ LQFUHDVHG LQ QRUWKHUQ 7LEHW =KX HW DO
 EXW LW ZDV SRLQWHG RXW WKDW WKH LQFUHDVHG SUHFLSLWDWLRQ LV LQ ZLQWHU
DQG HDUO\ VSULQJ LQ WKH IRUP RI VQRZIDOO &KHQ HW DO  ZKLFK WKXV
FDQQRW KHOS WKH JURZWK RI YHJHWDWLRQ EXW KLQGHUV JHUPLQDWLQJ DOWKRXJK
WKH ZDWHU IURP VQRZPHOW FDQ EH VWRUHG LQ WKH VRLO DQG XVHG E\ WKH YHJHWD
WLRQ 2VH  7KH ORZ VRLO WHPSHUDWXUH FDXVHG E\PHOWLQJ VQRZ UHGXFHV
WKH JHUPLQDWLQJ UDWH RI FHUWDLQ VSHFLHV UHVWUDLQV WKH JURZWK DQG GHYHORS
PHQW RI JUDVV DQG VKRUWHQV WKH JURZWK VHDVRQ E\ GHOD\LQJ JHUPLQDWLRQ
/LX 'RQJ =3 DQG :HL  *XJHUOL HW DO 
<H HW DO  UHSRUWV WKDW GHVSLWH LQFUHDVHG SUHFLSLWDWLRQ LQ VRPH
DUHDV WKH ULVH LQ WHPSHUDWXUH FDQFHOV RXW DGGLWLRQDO VQRZIDOO DQG DFFHOHU
DWHG JODFLHU UHWUHDW DV LW LQFUHDVHV HYDSRUDWLRQ <DR HW DO  VXJJHVWV
WKDW ULYHU UXQRII VXSSOLHG E\ JODFLHUV KDV LQFUHDVHG E\  FRPSDUHG WR
WKH V SRVVLEO\ GXH WR LQFUHDVHG UDWH RI JODFLHU PHOWLQJ ,Q VRPH DUHDV
ZLWK ODUJH JODFLHU FRYHU WKH UDSLG UHWUHDW RI JODFLHU KDV DOVR FDXVHG WKH ULVH
RI ODNH ZDWHU OHYHOV VXEPHUJLQJ YLOODJHV DQG JUDVVODQGV 3HUPDIURVW OD\
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HUV DUH VLPLODUO\ LQIOXHQFHG 7KH DOWLWXGLQDO ORZHU OLPLW RI SHUPDIURVW DUHD
KDV ULVHQ E\  m LQ QRUWKHUQ 7LEHW IURP  WR  DQG E\  WR  m
LQ VRXWKHUQ 7LEHW IURP  WR  7KH DYHUDJH WKLFNQHVV RI WKH DFWLYH
OD\HU ZKLFK LV VXEMHFW WR IUHH]HWKDZ LQWHUDFWLRQV LQFUHDVHG E\  WR
 m IURP  WR  7KH JURXQG WHPSHUDWXUH DOVR LQFUHDVHG E\ 
WR  ◦C GXULQJ WKH VDPH SHULRG &KHQJ DQG :X  7KH IUHH]HWKDZ
LQWHUDFWLRQ KDV LQWHQVLILHG LQ UHFHQW \HDUV ZKLFK OHDGV WR VWURQJHU KHDW
H[FKDQJH EHWZHHQ WKH DWPRVSKHUH DQG WKH JURXQG DQG LQIOXHQFHV ORFDO
FOLPDWH 7KH GHJUDGDWLRQ RI SHUPDIURVW DOVR KDV D QHJDWLYH HIIHFW RQ WKH
JURXQGZDWHU OHYHO DQG OHDGV WR VRLO GHJUDGDWLRQ DQG VKULQNLQJ RI ODNHV
7KH GHJUDGDWLRQ RI VRLO LV HVSHFLDOO\ SURQRXQFHG RQ PHDGRZ VRLO :DQJ
:DQJ /L DQG &KHQJ 
$Q DQDO\VLV RI WKH ODVW  \HDUV¶ REVHUYHG FOLPDWH GDWD UHYHDOV WKDW WKH
VRXWKHDVWHUQ SDUW RI 7LEHWDQ 3ODWHDX KDV EHFRPH ZDUPHU DQG ZHWWHU DQG
WKH PLGGOH RI WKH SODWHDX JHWV OHVV VXQVKLQH DQG PLOGHU ZLQG DQG KDV DOVR
EHFRPH ZDUPHU DQG ZHWWHU 1LX HW DO  ZKLOH WKH QRUWKHDVWHUQ SDUW
RI WKH SODWHDX KDV EHFRPH ZDUPHU DQG GULHU 7KLV LPSOLHV GHWHULRUDWLQJ
FRQGLWLRQV IRU SDVWXUHV LQ WKH QRUWKHDVWHUQ 7LEHWDQ 3ODWHDX 7KH JODFLHUV
LQ WKH VRXWKHUQ 7LEHW PD\ DOVR EH LQ UHWUHDW GXH WR LQFUHDVHG PLQLPXP
WHPSHUDWXUH WKURXJK WKH \HDU DQG PD\ EH DEOH WR SURYLGH OHVV ZDWHU WR
JUDVVODQG LQ WKLV DUHD
7KH PRQVRRQV ZKLFK DUH KLJKO\ UHODWHG WR WKH GLIIHUHQWLDO KHDWLQJ RI
WKH ,QGLDQ VXEFRQWLQHQW DQG 7LEHWDQ 3ODWHDX DQG ,QGLDQ 2FHDQ DUH SUH
GLFWHG E\ PRVW JOREDO FLUFXODWLRQ PRGHOV *&0V WR GHFUHDVH DQG EULQJ
OHVV SUHFLSLWDWLRQ ,W LV HVWLPDWHG E\ 'XDQ DQG <DR  WKDW IRU HY
HU\  ◦C LQFUHDVH RI QRUWKHUQ KHPLVSKHUH WHPSHUDWXUH WKH \HDU DF
FXPXODWLRQ WUHQG RI SUHFLSLWDWLRQ GHFUHDVHV E\ DERXW  mm 7KH IDFW
WKDW D YDVW H[SDQVH RI ZDWHU H[LVWV DV LFH DQG VQRZ LQ WKLV DUHD LV DQ DG
GLWLRQDO DVSHFW RI VHQVLWLYLW\ WR FOLPDWH FKDQJH 6KDUPD HW DO  ,W
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LV DOVR FODLPHG WKDW WKH JOREDO FOLPDWH WUHQG ZLOO OHDG WR GHVLFFDWLRQ DQG
LQFUHDVHG GURXJKW LQ QRUWKHUQ 7LEHW DQG4LQJKDL 3URYLQFH 0LOOHU D
7KH 7LEHWDQ 3ODWHDX LV D KHDW VRXUFH LQ VXPPHU GXH WR VWUHQJWKHQHG
UDGLDWLRQ ZLWK WKH UDGLDWLRQ HQHUJ\ DEVRUEHG E\ WKH SODWHDX WUDQVSRUWHG
WR D JUHDW KHLJKW &KDQJ  7KH HOHYDWHG KHDWLQJ RQ WKH SODWHDX PD\
FDXVH WKH HDUO\ RQVHW RI WKH $VLDQ PRQVRRQ DQG FUHDWH D IDYRXUDEOH FLUFX
ODWLRQ EDFNJURXQG IRU WKH PRQVRRQ RQVHW RYHU 6RXWK &KLQD 6HD <H DQG
:X 
 3DVWRUDO KLVWRU\
 (DUO\ KXPDQ FRORQLVDWLRQ
$FFRUGLQJ WR %UDQWLQJKDP HW DO  WKH KXPDQ FRORQLVDWLRQ RI WKH
SODWHDXPD\ GDWH EDFN WR  N\U %3 DQG OLNHO\ FRLQFLGHG ZLWK VRPH ODUJH
VFDOH FKDQJHV LQ SDODHRFOLPDWH ,W LV VXJJHVWHG WKDW WKH HDUO\ 8SSHU 3DODH
ROLWKLF KXQWHUJDWKHUHU JURXSV PD\ ILUVW KDYH HQWHUHG WKH GHVHUW UHJLRQ
DURXQG WKH SODWHDX DW DQ DOWLWXGH RI DERXW  m ZKHQ ODNHV ZHUH DW
WKHLU KLJKHVW OHYHOV LQ ODWH 3OHLVWRFHQH %UDQWLQJKDP HW DO  $OGHQ
GHUIHU DQG <LQRQJ  7KH VWHSSH DW WKLV WLPH VXSSRUWHG D ODUJH QXP
EHU RI ZLOG XQJXODWHV SURYLGLQJ IRRG VRXUFH %UDQWLQJKDP HW DO 
$V IRRG DQG UHVRXUFHV DUH HYHQO\ GLVWULEXWHG LQ WKH DUHD WKH HDUO\ FRORQLV
HUV ZHUH DEOH WR PRYH WR DQRWKHU ORFDWLRQ LQ D ³UDQGRPZDON´ PDQQHU
ZKHQ UHVRXUFHV DUH ORFDOO\ GHSOHWHG %UDQWLQJKDP HW DO  %\ VXFK
PRYHPHQW SDWWHUQV WKH\ PD\ KDYH FRORQLVHG WKH DOWLWXGH EHWZHHQ 
DQG  m E\ FKDQFH DW DURXQG  N\U %3 'XULQJ WKH /*0 WKH ODNHV
VWDUWHG WR UHWUHDW DQG VWHSSHVZHUH UHSODFHGE\GHVHUW OHDYLQJ RQO\ SDWFKHV
RI VWHSSHV DURXQGZDWHU VRXUFHV 7KH LQFUHDVLQJ GLVWDQFH EHWZHHQSDWFKHV
UHQGHUHG WKH ³UDQGRPZDON´ VWUDWHJ\QR ORQJHU WHQDEOH 7KHKXQWHUJDWKHUHU
JURXSV WKHUHIRUH KDG WR DGRSW RQH RI WKH WZR VWUDWHJLHV D WR LQFUHDVH
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WKHEUHDGWK RI UHVRXUFHV WR LQFOXGH ORZHU UDQN UHVRXUFHV VXFK DV VPDOO IDVW
JDPH DQG SODQW UHVRXUFHV DQG E WR DEDQGRQ WKH UDQGRPZDON DQG SODQ
PRYHPHQWV EDVHG RQ VHDVRQDO UHVRXUFH DYDLODELOLW\ %UDQWLQJKDP HW DO
 ,W LV QRW FOHDU ZKHWKHU HDUO\ KXQWHUJDWKHUHU JURXSV VXUYLYHG WKH
/*0 RQ WKH SODWHDX EXW VRPH RI WKHP PD\ KDYH PRYHG XS WKH SODWHDX
GXULQJ WKH /*0 DV WKHUH ZDV PRUH SUHFLSLWDWLRQ DYDLODEOH RQ WKH SODWHDX
WKDQ WKH VXUURXQGLQJ EDVLQV ZKLFK DUH LQ WKH UDLQ VKDGRZ RI WKH SODWHDX
$IWHU WKH /*0 WKH KXPDQV KDG WR DGRSW D VWUXFWXUHG PRYHPHQW VWUDW
HJ\ DFFRUGLQJ WR VHDVRQDO UHVRXUFH DYDLODELOLW\ GXH WR WKH SDWFKLQHVV RI
UHVRXUFH GLVWULEXWLRQ %UDQWLQJKDP HW DO  7KH DPHOLRUDWLRQ RI FOL
PDWH FUHDWHG QLFKHV LQ WKH FHQWUDO SODWHDX HVSHFLDOO\ LQ ULYHU YDOOH\V 7KH
VRXWKHDVWHUQ DQG QRUWKHDVWHUQ FRUQHU RI WKH SODWHDX H[SHULHQFHG H[SDQ
VLRQ RI IRUHVWV VXJJHVWLQJ ORZODQG IORUD DQG IDXQD PD\ KDYH DGDSWHG WR
KLJK DOWLWXGH DQG FUHDWHGPRUH UHVRXUFH IRU HDUO\ FRORQLVHUV %UDQWLQJKDP
HW DO 
)XOO VFDOH \HDUURXQG RFFXSDWLRQ RI WKH KLJKHU DOWLWXGH 7LEHWDQ 3ODWHDX
PD\ QRW KDYH KDSSHQHG XQWLO  WR  N\U %3 %UDQWLQJKDP HW DO 
$OGHQGHUIHU DQG <LQRQJ  RU HYHQ XQWLO  \HDUV %3 %UDQWLQJ
KDP DQG ;LQJ  ZLWK WKH FRORQLVHUV DIWHU WKLV WLPH WKRXJKW WR EH
IDVW LQ RFFXS\LQJ WKH QRUWKHUQ DQG ZHVWHUQ 7LEHWDQ 3ODWHDX 0LFUROLWK
WRROV H[FDYDWHG IURP QRUWKHUQ DQG FHQWUDO &KDQJWDQJ OHG DUFKDHRORJLVWV
WR VSHFXODWH WKDW IRUDJHUV LQ WKH QRUWK RI WKH SODWHDXPD\ KDYH GHYLVHG DQG
XWLOLVHG PRUH HIIHFWLYH WRROV LQ D KLJKO\ YDULDEOH HQYLURQPHQW DQG IRFXVHG
RQ ODUJH JDPHKXQWLQJ ZKLOH LQ WKH VRXWK WKH HQYLURQPHQW ZDV PRUH EH
QLJQ DQG WRROVZHUH FKHDSHU DQG HDVLHU WRPDNH EXW QRW DV HIIHFWLYH $OGHQ
GHUIHU DQG <LQRQJ  ,Q VRPH 1HROLWKLF FXOWXUH VLWHV GDWLQJ EDFN WR
 WR  N\U %3 WKH UHFRQVWUXFWLRQ RI WKH VLWH UHVHPEOHV FHUWDLQ NLQGV RI
7LEHWDQ DUFKLWHFWXUHV WRGD\ FHUDPLFV VWRQH WRROV DQG GHFRUDWLYH LWHPV
ZHUH IRXQG 7KHVH H[FDYDWLRQV VXJJHVW WKDW UHVLGHQWV RQ WKH SODWHDX OLYHG
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E\ D PL[ RI KXQWLQJ JDWKHULQJ DQG SODQW FXOWLYDWLRQ ,W LV ZRUWK QRWLQJ
WKDW PRVW RI WKH VLWHV DUH ORFDWHG LQ WKH VRXWKHUQ DQG HDVWHUQ HGJH RI WKH
SODWHDX ,Q D VLWH QHDU /KDVD ZKLFK GDWHV EDFN WR DV HDUO\ DV  \HDUV
%3 WKHUH LV HYLGHQFH RI GRPHVWLFDWHG \DN VKHHS DQG SLJ $OGHQGHUIHU DQG
<LQRQJ  'XH WR WKH OLPLWHG QXPEHU RI VLWHV GLVFRYHUHG DQG H[FD
YDWHG LW LV GLIILFXOW WR DVVHUW ZKHWKHU DQG KRZ WKH DJURSDVWRUDOLVWV LQ WKH
VRXWKHUQ DQG FHQWUDO 7LEHW PRYHG WR &KDQJWDQJ LQ WKH QRUWKHUQ 7LEHWDQ
3ODWHDX
7KH 7LEHWDQ SROLWLHV VLQFH WKHUH ZHUH KLVWRULFDO UHFRUGV DQG EHIRUH 7L
EHW EHFDPH D QDWLRQ VWDWH ZHUH SUREDEO\ VPDOOVFDOH FKLHIO\ VRFLHW\ VFDW
WHUHG LQ WKH ULYHU YDOOH\V RI WKH GUDLQDJH RI <DUOXQJ 7VDQJSR ULYHU DQG LWV
WULEXWDULHV 7KH DUHD LV NQRZQ WRGD\ DV h7VDQJ 7KH OLYHOLKRRG LQ WKHVH
SROLWLHV ZHUH EDVHG RQ WKH GRPHVWLFDWHG DQLPDOV LQWURGXFHG LQ WKH 1H
ROLWKLF LQ DGGLWLRQ WR KRUVH JRDW LURQ WRROV DQG VRSKLVWLFDWHG DJULFXOWXUH
WHFKQRORJLHV 7KHUH ZDV DOVR HYLGHQFH RI RWKHU SROLWLHV LQ &KDQJWDQJ DQG
ZHVWHUQ 7LEHW $OGHQGHUIHU DQG <LQRQJ  %XW LW LV QRW FOHDU ZKDW
WKHLU PDLQ OLYHOLKRRGV ZHUH DQG KRZ WKH\ DGDSWHG WR WKH KDUVKHU FOLPDWH
DQG KLJKHU DOWLWXGH ,W LV DOVR LQ TXHVWLRQ ZKHWKHU WKHVH SROLWLHV DUH WKH
UHVXOW RI GHYHORSPHQW RI 1HROLWKLF KXQWHUJDWKHUHU JURXSV RU KDYH HVWDE
OLVKHG E\ SHRSOH HPLJUDWLQJ IURP ORZHU DJURSDVWRUDO DUHDV LQ WKH VRXWK
 7UDGLWLRQDO SDVWRUDOLVP
,W ZDV VDLG WKDW LQ  $'3ULQFHVV:HQ&KHQJ IURP&KLQD¶V 7DQJ'\QDVW\
EURXJKW WKH XVH RI EXWWHU WHD FKHHVH EDUOH\ EHHU PHGLFDO NQRZOHGJH
DQG DVWURORJ\ WR 7LEHW *UXQIHOG  ,I WKLV VWDWHPHQW LV WUXH LW FDQ EH
DVVHUWHG WKDW WKH SDVWRUDOLVP WKDW FDQ EH REVHUYHG WRGD\PXVW RULJLQDWH DW
OHDVW IURP WKLV WLPH SHULRG %HIRUH  $' SDVWRUDOLVP PD\ KDYH H[LVWHG
LQ 7LEHW EXW JLYHQ WKDW EXWWHU LV LPSRUWDQW IRU KXPDQ VXUYLYDO LQ KLJK
DOWLWXGH DUHDV EHIRUH LW ZDV LQWURGXFHG WKH SDVWRUDOLVP PXVW KDYH EHHQ
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IXQGDPHQWDOO\ GLIIHUHQW IURP WKDW DIWHU  $' 7KH SURGXFWLRQ RI GDLU\
SURGXFWV PD\ KDYH EHHQ OLPLWHG GXH WR GLIILFXOW\ LQ VWRUDJH 7KH JUD]LQJ
DUHD PD\ DOVR KDYH EHHQ OLPLWHG WR ORZHU DOWLWXGHV
3DVWRUDO SUDFWLFHV DUH VLPLODU DFURVV WKH SODWHDX DOWKRXJK WKH VL]H DQG
FRPSRVLWLRQ RI WKH KHUGV DUH YDULHG 'HVSLWH EHLQJ SDVVHG GRZQ WKURXJK
FHQWXULHV DQG GLIIXVHG DOO RYHU WKH SODWHDX WKH HVVHQFH RI SDVWRUDOLVP
VHHPV OLWWOH FKDQJHG ,Q D W\SLFDO 7LEHWDQ QRPDG IDPLO\ PHQ DUH WKH
KRXVHKROG KHDGV DQG GHDO ZLWK LPSRUWDQW IDPLO\ DIIDLUV 7KH\ DUH UHVSRQ
VLEOH IRU JUD]LQJ VKHHS DQG JRDW WUDQVSRUWLQJ DQLPDOV PRYLQJ WHQWV WUDG
LQJ DQG ILJKWLQJ :RPHQ¶VPDLQ WDVNV LQFOXGHPLONLQJ \DNV FRRNLQJ EXW
WHU FKXUQLQJ IXHO FROOHFWLQJ ZRRO VSLQQLQJ DQG ZHDYLQJ <DQ HW DO QG
)LJXUH  $ KHUGVPDQ EULQJLQJ KLV VKHHS EDFN IURP JUD]LQJ 3KRWR
WDNHQ E\ =KHQ :X 7VLQJKXD 8QLYHUVLW\ 6WXGHQWV¶ 0RXQWDLQHHU
LQJ &OXE LQ $QGXR &RXQW\ QRUWKHUQ 7$5 -XO\ 
0LONLQJ LV FDUULHG RXW DW OHDVW WZLFH D GD\ 7KHPRUQLQJPLONLQJ LV GRQH
HDUO\ EHIRUH VXQULVH DQG PD\ WDNH PRUH WKDQ WZR KRXUV IRU ODUJH KHUGV
6RPH RI WKH PLON LV LPPHGLDWHO\ FRQVXPHG LQ PHDOV WKH UHVW LV XVHG WR
PDNH EXWWHU DQG \RJXUW $OO VXFK ZRUN LV GRQH E\ ZRPHQ 7KH\ DUH DOVR
UHVSRQVLEOH IRU WDNLQJ FDUH RI WKH \RXQJ DQG WKH ROG 7VLQJKXD 8QLYHU
VLW\ 7HFVXQ 6WXGHQWV¶ ([SORUDWLRQ 7HDP  0HDO WLPHV DUH QRW IL[HG
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)LJXUH  7LEHWDQ ZRPHQ PLONLQJ VKHHS DIWHU WKH\ UHWXUQ IURP JUD]
LQJ 3KRWR WDNHQ E\ =KHQ :X 7VLQJKXD 8QLYHUVLW\ 6WXGHQWV¶
0RXQWDLQHHULQJ &OXE LQ $QGXR &RXQW\ QRUWKHUQ 7$5 -XO\

DQG ZRPHQ LQ D WUDGLWLRQDO IDPLO\ PXVW LQYHVW D ODUJH SURSRUWLRQ RI WLPH
LQ FRRNLQJ 7KH\ DUH DOVR UHVSRQVLEOH IRU JHQHUDO KRXVHZRUN DQG WDNLQJ
FDUH RI OLYHVWRFN DW KRPH 7KH GXQJ RI \DNV ZKLFK LV LPSRUWDQW DV IXHO
LQ QRUWKHUQ 7LEHW LV FROOHFWHG E\ ZRPHQ DQG GULHG IRU VWRUDJH 7LEHWDQ
ZRPHQ ZKR OLYH LQ ORZHU DOWLWXGH DUHDV PD\ FROOHFW ILUHZRRG LQVWHDG RI
GXQJ 0DQ\ 7LEHWDQ IDPLOLHV NHHS GRJV DW KRPH DV JXDUG GRJV DQG WR
KHOS ZLWK PDQDJLQJ WKH KHUG
0HQ JR RXW WR JUD]H VKHHS LQ WKH PRUQLQJ EXW XVXDOO\ VHW RII PXFK
ODWHU WKDQ ZRPHQ GR 7KH\ GULYH WKH KHUG DORQJ D FHUWDLQ SDWK WR WKH SDV
WXUH VWD\ WKHUH IRU D IHZ KRXUV WKHQ FRPH EDFN KRPH DERXW WZR KRXUV
EHIRUH VXQVHW $IWHU WKH\ UHWXUQ KRPH WKH\ JHQHUDOO\ GR QRW KHOS ZRPHQ
ZLWKPLONLQJ RU RWKHUZRUN ,Q WKH GD\WLPH \DNV VFDWWHU DURXQG WKH WHQW RU
KRXVH WR JUD]H DQG FRPH EDFN WR D VKHOWHU VXUURXQGHG E\ VKRUW ZDOOV GXU
LQJ WKH QLJKW 7VLQJKXD 8QLYHUVLW\ 7HFVXQ 6WXGHQWV¶ ([SORUDWLRQ 7HDP
 7KLV NLQG RI SUDFWLFH LV FRPPRQ LQ PRVW RI WKH SDVWRUDO 7LEHW DQG
KDV EHHQ REVHUYHG E\ YDULRXV VFKRODUV LQ WKHLU ILHOG VWXGLHV HJ 0LOOHU

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E *ROGVWHLQ HW DO  1 VV HW DO 
(YHQ LI WKH VWRU\ RI 3ULQFHVV :HQ &KHQJ LV QRW FRQVLGHUHG WUXH WKH 7L
EHWDQ SHRSOH KDYH OHG QRPDGLF OLYHV VLPLODU WR ZKDW ZH VHH WRGD\ VLQFH DW
OHDVW WKH WK FHQWXU\ 7KH\ KDYH XVHG WKH UDQJHODQG IRUPLJUDWRU\ JUD]LQJ
LQ ZKLFK D WULEH RU D JURXS RI KHUGHUV FRQVWLWXWH D XQLW DQG KDYH XVHG GLI
IHUHQW W\SHV RI UDQJHODQG GXULQJ GLIIHUHQW VHDVRQV *\DPWVKR DQG ,VPDLO
 $QLPDO KXVEDQGU\ RQ WKH QRUWKHUQ 7LEHWDQ 3ODWHDX LV EDVHG RQ
HIIHFWLYHO\ H[SORLWLQJ WKH VLQJOH VKRUW JURZLQJ VHDVRQ GXULQJ ZKLFK ERWK
IURVW DQG GU\ KLJKYHORFLW\ ZLQGV DUH FRPPRQ *ROGVWHLQ HW DO 
:KLOH VRPH HDUO\ JUHHQ IROLDJH PD\ DSSHDU RQ ZHW PHDGRZV DQG ULYHU
EDQNV WKH PDMRULW\ RI SODQW FRPPXQLWLHV GHSHQG RQ PRQVRRQDO SUHFLSL
WDWLRQ DQG EHJLQ WR SOD\ D UROH LQ OLYHVWRFN IRUDJH LQ ODWH0D\ RU HDUO\ -XQH
7KH JURZLQJ VHDVRQ HQGV LQ 6HSWHPEHU %XW LQ WKH HDVWHUQ DQG VRXWKHUQ
DUHDV WKH JURZWK VHDVRQ LV ORQJHU VXSSRUWLQJ SODQWDWLRQ RI ZKHDW DQG
RWKHU FURSV
/LYHVWRFN LQ QRUWKHUQ7LEHW XVXDOO\ KDYH WZR NLQGV RI SDVWXUHV IRU JUD]
LQJ 2QH LV WKH VXPPHU SDVWXUHV ORFDWHG LQ KLJKHU DUHDV DQG JUD]HG
XVXDOO\ IURP $SULO WR 6HSWHPEHU WKH RWKHU LV WKH ZLQWHU SDVWXUHV LQ WKH
YDOOH\V DQG JUD]HG LQ FROGHU PRQWKV 7DVKL HW DO  7KH ZLQWHU SDV
WXUHV DUH JUD]HG LQ ZLQWHU DQG VSULQJ DQG DUH SUHVHUYHG DW RWKHU WLPHV RI
WKH \HDU )RU IDPLOLHV ZLWK VHGHQWDU\ KRXVLQJ ZLQWHU SDVWXUHV DUH RIWHQ
ZKHUH WKHLU KRXVHV DUH ORFDWHG *HQHUDOO\ SDVWXUH DQG FURS UHVLGXHV IRU
OLYHVWRFN WHQG WR EH DGHTXDWH LQ ODWH VXPPHU DQG HDUO\ DXWXPQ EXW DUH LQ
VKRUW VXSSO\ LQ ODWH ZLQWHU DQG HDUO\ VSULQJ 7KH HQHUJ\ DQG SURWHLQ PD\
EH WKHPDMRU QXWULHQWV OLPLWLQJ OLYHVWRFN SURGXFWLYLW\ LQ WKH ODWWHU VHDVRQV
,Q VRPH UHJLRQV RQ WKH SODWHDX KHDY\ VQRZIDOO LQ ZLQWHU PD\ IRUP D
FRYHU ZKLFK SUHYHQWV GRPHVWLFDWHG DQLPDOV IURP JUD]LQJ ,I WKH WHPSHU
DWXUH VXGGHQO\ GURSV VQRZ FRYHU DOZD\V FKDQJHV LQWR LFH FRYHU RQ UDQJH
ODQGV DQGPDQ\ DQLPDOV LQHYLWDEO\ GLH IURP ODFN RI IRRG 6QRZVWRUPV FDQ

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DOVR FDXVH VWDUYDWLRQ DQG PRUH GHDWKV LQ WKH VSULQJ DV DQLPDOV DUH ZHDN
DIWHU D ORQJ ZLQWHU DQG WKH JHUPLQDWLRQ RI JUDVV LV GHOD\HG :X DQG <DQ
 7KHUHIRUH LW LV RI SDUDPRXQW LPSRUWDQFH WR HQVXUH IRRG VXSSO\
IRU DQLPDOV GXULQJ WKH ZLQWHU $VLGH IURP PLJUDWLQJ EHWZHHQ SDVWXUHV
KD\ PDNLQJ LV DOVR FRQGXFWHG E\ KHUGHUV WR SURYLGH OLYHVWRFN ZLWK DQ DG
GLWLRQDO VRXUFH RI HQHUJ\ 7KLV LV GRQH E\ UHVHUYLQJ D SDWFK RI JUDVV LQ WKH
ZLQWHU SDVWXUH +RZHYHU WKH KD\ LV RQO\ VXSSOLHG WR QHHG\ DQLPDOV VXFK
DV WKH \RXQJ RU ZHDN RQHV 0DQGHUVFKHLG  'XULQJ ZLQWHU WUDGLQJ
WULSV WR QHDUE\ WRZQV DQG YLOODJHV PD\ DOVR EH WDNHQ (ZLQJ 
7KLV VHDVRQDO JUD]LQJ V\VWHP KRZHYHU DSSOLHV WR VKHHS DQGJRDWV RQO\
<DNV DUH PRYHG DFFRUGLQJ WR D GLIIHUHQW VHTXHQFH ,Q VRPH DUHDV PDOH
\DNV DUH OHIW XQVXSHUYLVHG LQPRXQWDLQV WKURXJKRXW WKH \HDU XQWLO WKH\ DUH
QHHGHG IRU WUDQVSRUWDWLRQ )HPDOH \DNV DUH KHUGHG GDLO\ DQG PRYHG ZLWK
WKH VKHHS DQG JRDWV WR WKH DXWXPQ SDVWXUH $OWKRXJK ZKHQ VKHHS DQG
JRDWV UHWXUQ WR KRPH RQ ZLQWHU SDVWXUHV LQ 'HFHPEHU WKH IHPDOH \DNV
DUH QRUPDOO\ PRYHG WR RWKHU XQJUD]HG ZLQWHU SDVWXUHV *ROGVWHLQ HW DO

7LEHWDQ QRPDGV WHQG WR KDYH WKH VDPH NLQGV RI DQLPDOV LQ WKHLU KHUG
\DNV VKHHS JRDWV KRUVHV DQG G]R WKH K\EULG RI \DN DQG FDWWOH WKRXJK
WKH SURSRUWLRQ RI HDFK NLQG YDULHV IURP DUHD WR DUHD 0LOOHU E ZKLFK
PD\ EH GXH WR FOLPDWLF FRQGLWLRQV DQG HFRQRPLF FRQVLGHUDWLRQV &OLPDWLF
UHDVRQV PD\ FRPSOHWHO\ SUHYHQW WKH G]R IURP EHLQJ SUHVHQW LQ QRUWKHUQ
7LEHWDQ 7DVKL HW DO  7KH UDWLRQDOH WR KDYH PXOWLSOH VSHFLHV LQ WKH
KHUG LV PDQLIROG WKH XVH RI UDQJHODQG YHJHWDWLRQ FDQ EH PD[LPLVHG WKH
QRPDGV QHHG SURGXFWV IURP YDULRXV NLQGV RI DQLPDOV WR PHHW WKH QHHG
RI VXEVLVWHQFH DQG IDPLO\ HFRQRPLHV WKH GLYHUVLW\ RI WKH KHUG FDQ UHGXFH
WKH ULVN RI DQLPDO ORVV LQ XQSUHGLFWHG VLWXDWLRQV 0LOOHU E
7KH \DN LV QDWLYH WR WKH KLJK DOWLWXGH DUHDV RI WKH4LQJKDL7LEHW SODWHDX
DQG LV WKH RQO\ ERYLQH VSHFLHV WKDW FDQ IXOO\ XWLOLVH DOSLQH UDQJHODQG UH

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VRXUFHV :HLNDL HW DO QG $V \DNV PDNH OLIH SRVVLEOH IRU KXPDQV LQ
RQH RI WKH ZRUOG¶V KDUVKHVW HQYLURQPHQWV 7LEHWDQ QRPDGV SODFH VR PXFK
YDOXH RQ WKHP WKDW WKH 7LEHWDQ WHUP IRU \DNV QRU LV DOVR WUDQVODWHG DV
³ZHDOWK´ $VLGH IURP SURYLGLQJ D UDQJH RI SURGXFWV \DNV FDQ DOVR EH XVHG
DV EHDVWV RI EXUGHQ 0LOOHU E
6KHHS DQG JRDWV FDQ DOVR EH VHHQ DFURVV DOPRVW WKH ZKROH RI WKH 7L
EHWDQ 3ODWHDX $OWKRXJK VKHHS DQG JRDWV UHTXLUH PRUH FDUH WKDQ \DNV
WKH\ FDQ GHOLYHU KDQGVRPH HFRQRPLF UHWXUQV ZKHUH LW LV SUDFWLFDO WR UDLVH
WKHP :HLNDL HW DO QG 7KH\ JLYH ELUWK HYHU\ \HDU DQG WKXV DUH LPSRU
WDQW IRU UHVWRFNLQJ DIWHU KHDY\ ORVVHV GXULQJ VHYHUH ZLQWHUV $OWKRXJK
KRUVHV DUH NHSW WKH\ JHQHUDOO\ RQO\ PDNH XS D VPDOO SRUWLRQ LQ 7LEHWDQ
QRPDGV¶ KHUGV EHFDXVH WKH\ JUD]H XQWHQGHG DQG DUH VXEMHFW WR SUHGDWLRQ
E\ ZROYHV 1 VV HW DO  7KH\ DUH XVXDOO\ XVHG IRU WUDQVSRUWDWLRQ
7KH VH[ DQG DJH FRPSRVLWLRQ RI D KHUG UHIOHFWV WKH SDVWRUDOLVWV¶ LQWHQ
WLRQ ZKR DOORFDWHV GLIIHUHQW ³WDVNV´ WR WKH DQLPDOV 1 VV HW DO  7KH
7LEHWDQ QRPDGV WHQG WR KDYH D UHODWLYHO\ ODUJH QXPEHU RI PDOH VKHHS DQG
JRDW FRPSDUHG WR VHGHQWDU\ DQG PRGHUQ SUDFWLFHV LQ WKH KHUG ZKLFK LV
FRQVLGHUHG DV ³LUUDWLRQDO´ E\ QRQSDVWRUDOLVWV IURP D:HVWHUQ YLHZ +RZ
HYHU WKH UDWLRQDOH EHKLQG WKLV LV WKHQHHG IRU SURWHLQ DQG IDW 0LOOHU E
$V DERXW  VKHHS RU JRDWV KDYH WR EH VODXJKWHUHG IRU D QRPDG IDPLO\¶V
IRRG HYHU\ \HDU DQG VRPH PRUH DUH WUDGHG IRU FRPPRGLWLHV WKDW DUH XVH
IXO EXW FDQQRW EH REWDLQHG E\ RWKHU PHDQV LW ZRXOG EH PRUH HFRQRPLF WR
VODXJKWHU DQG VHOO PDOH RQHV WKDQ IHPDOH RQHV 7KH QRPDGV KRZHYHU GR
QRW VHHP WR FRQWURO WKH VH[ UDWLR LQ WKHLU KHUGV GHOLEHUDWHO\ EXW OHW WKHP
IROORZ D QDWXUDO FRXUVH WKXV WKH VH[ UDWLR LV H[SHFWHG WR EH FORVH WR 
7KH VL]H RI D KHUG LV XVXDOO\ HQFRXUDJHG WR LQFUHDVH ZKHQHYHU SRVVLEOH
$VLGH IURP WKH FRPPRQ SHUFHSWLRQ WKDW 7LEHWDQ QRPDGV FRQVLGHU WKH VL]H
RI KHUG DV D V\PERO RI ZHDOWK DQG VWDWXV D ODUJHU KHUG SURYLGHV D NLQG RI
LQVXUDQFH LQ WKH IDFH RI XQSUHGLFWDEOH GLVDVWHUV EHFDXVH WKH ODUJHU KHUG
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FDQ KDYH PRUH LQGLYLGXDOV VXUYLYH DQG WKXV FDQ UHFRYHU TXLFNO\ (YHQ VR
VLJQLILFDQW IOXFWXDWLRQ RI KHUG VL]H RFFXUV DIWHU GLVDVWHUV VXFK DV VQRZ
IDOO 1 VV HW DO  )RU H[DPSOH EHWZHHQ  DQG  VL[ VHYHUH
ZLQWHUV ZHUH UHSRUWHG LQ 7LEHW DQG HDFK FDXVHG  WR  OLYHVWRFN ORVV
6KHHK\ 0LOOHU DQG -RKQVRQ  0LOOHU E VXJJHVWHG WKDW 
VKHHS RU  \DNV SHU SHUVRQ LV WKH PLQLPXP QXPEHU RI OLYHVWRFN UHTXLUHG
WR DYRLG SRYHUW\ 1RPDGV ZLWK D KHUG VPDOOHU WKDQ WKLV ZLOO QRW EH DEOH WR
VHFXUH WKHLU OLYHOLKRRG ,Q D SDVWRUDO V\VWHP FKDUDFWHULVHG E\ KLJKPRUWDO
LW\ 0LOOHU E D ODUJH KHUG LV QHFHVVDU\ WR HQVXUH VXUYLYDO RI WKH KHUG
DQG WKH QRPDG KRXVHKROG
7KH SDVWRUDO HFRQRP\ LQ 7LEHW LQ WKH SHULRG EHIRUH  ZKHQ WKH
&KLQHVH JRYHUQPHQW HVWDEOLVKHG LWV GLUHFW FRQWURO RI WKH DUHD ZDV ODUJHO\
IRFXVHG RQ VXEVLVWHQFH VLPLODU WR RWKHU SDVWRUDO UHJLRQV DURXQG WKHZRUOG
0DQGHUVFKHLGW HW DO  /LYHVWRFN SURGXFWV SURYLGHG IRRG FORWKLQJ
DQG VKHOWHU DQG WKURXJK WUDGH SURYLGHG RWKHU SURGXFWV VXFK DV WHD JUDLQ
DQG LURQZDUH WR WKH QRPDGV 1 VV HW DO 
7KH VXEVLVWHQFH GHPDQGV RI 7LEHWDQ QRPDGV DQG DJURSDVWRUDOLVWV DUH
PHW E\ XWLOLVLQJ SURGXFWV IURP YDULRXV DQLPDOV DQG EDUWHULQJ ZLWK WKHVH
SURGXFWV <DNV SURYLGH PXOWLSOH SURGXFWV ZKLFK DUH PRVW FORVHO\ UHODWHG
WR 7LEHWDQ QRPDGV¶ OLYHV DQG SURGXFWLRQ DFWLYLWLHV <DN¶V PLON LV WRR RLO\
WR GULQN GLUHFWO\ EXW FDQ EHPDGH LQWR EXWWHU WKURXJK FKXUQLQJ 'ULHG \DN
EHHI LV WKHPDMRU IRRG VXSSO\ ZKHQ WKH SDVWRUDOLVWV DUH DZD\ IURPKRPH RU
RQ WKH URXWH RI PLJUDWLRQ 7KH \DNV¶ FRDUVH EHOO\ KDLU LV VSXQ DQG ZRYHQ
LQWR WHQW PDWHULDO 7KH ILQHU ZRRO RU NXOOX LV XVHG WR PDNH URSHV DQG
EODQNHWV 7UDGLWLRQDOO\ WKH KLGHV RI WKH \DNV ZHUH XVHG WR PDNH VROHV RI
ERRWV DQG VKRHV :HLNDL HW DO QG ,Q WKH&KDQJWDQJ DUHDZKHUH ILUHZRRG
LV QRW DYDLODEOH WKH GXQJ RI \DN LV WKH H[FOXVLYH VRXUFH RI IXHO 7KXV WKH
\DN LV DQ LUUHSODFHDEOH NLQG RI DQLPDO RQ WKH SODWHDX
7KRXJK WKH \DN LV FRQVLGHUHG WR EH WKH FKDUDFWHULVWLF DQLPDO RI 7LEHWDQ

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SDVWRUDOLVP VKHHS DQG JRDWV DUH PRUH LPSRUWDQW HFRQRPLFDOO\ %RWK RI
WKHP SURGXFH PLON PHDW ZRRO DQG VNLQV *RDWV SURGXFH PRUH PLON WKDQ
VKHHS DQG IRU D ORQJHU WLPH RI WKH \HDU 7KH SURGXFWV IURP OLYHVWRFN DUH
EDVLFDOO\ VXIILFLHQW IRU D SDVWRUDO IDPLO\¶V VXEVLVWHQFH JLYHQ DQ DGHTXDWH
QXPEHU RI OLYHVWRFN ,I WKHUH DUH VXUSOXV SURGXFWV VXFK DV \RJXUW RU GULHG
EHHI SDVWRUDOLVWV XVXDOO\ XVH WKHP LQ EDUWHU IRU WHD JUDLQ DQG VDOW LP
SRUWHG IURPRXWVLGH WKH SODWHDX RU WKH VRXWKHUQPLOGHU SDUW RI WKH SODWHDX
/RFDO FRPPXQLWLHV KDYH OHDUQW WR DGMXVW WR WKH KDUVK HQYLURQPHQW
GHILQHG E\ KLJK DOWLWXGH DERYH  m ORZ DQQXDO PHDQ WHPSHUDWXUH
DURXQG  ◦C DQG UHODWLYHO\ ORZ UDLQIDOO %DXHU  DV WKHLU KLJKO\ ULVN\
SDVWRUDO SURGXFWLRQ KDV SHUVLVWHG IRU WKRXVDQGV RI \HDUV 7KH\ KDYH GH
YHORSHGPHFKDQLVPV IRU PRELOH OLYHVWRFN JUD]LQJ VHOHFWLRQ DQG LPSURYH
PHQW IRU OLYHOLKRRG VHFXULW\ %XW VXFK LQGLJHQRXV NQRZOHGJH JHQHUDOO\
KDV QRW EHHQ UHFRUGHG DQG LV HDVLO\ LJQRUHG E\ H[SHUWV DQG DGPLQLVWUD
WRUV <DQ 
7KH WUDGLWLRQDO SDVWRUDO V\VWHP VLQFH WKH WK RU WK FHQWXU\ZDV RUJDQ
LVHG DURXQG FRPPXQLWLHV :LWK ORZ SRSXODWLRQ DQG OLYHVWRFN GHQVLW\ WKH
V\VWHPKDV EHHQ DEOH WR UHWDLQ LWVPRELOLW\ DQG IOH[LELOLW\ LQ DGDSWLQJ WR WKH
KDUVK HQYLURQPHQW 7KH UDQJHODQG EHORQJV WR WULEHV DQG KDV GLVWLQFWLYH
QDWXUDO ERXQGDULHV VXFK DV ULGJHV DQG ULYHUV :LWKLQ WKH WULEH WKH SDV
WXUHV DUH UHDOORFDWHG WR VXEWULEHV HYHU\ VSULQJ ZLWK OLWWOH FRQVLGHUDWLRQ RQ
QXPEHU RI OLYHVWRFN <DQ HW DO QG 7KH DOORFDWLRQ LV XVXDOO\ GHWHUPLQHG
E\ WKH OHDGHU RI WKH WULEH EXW IRU WULEHV VHUYLQJ D FHUWDLQ IHXGDO ORUG WKH
ORUG ZRXOG EH LQ FKDUJH RI DOORFDWLQJ SORWV RI SDVWXUH WR LQGLYLGXDO KRXVH
KROGV *ROGVWHLQ HW DO  7KH SDVWXUHV DUH QRW IHQFHG EXW ERXQGDULHV
DUH HQIRUFHG 1RPDG KRXVHKROGV FDQ RQO\ XVH WKHLU DVVLJQHG SDVWXUHV
(DFK SDVWXUH ZDV FRQVLGHUHG VXLWDEOH IRU D IL[HG QXPEHU RI DQLPDOV
FDOFXODWHG RQ WKH EDVLV RI D XQLW ORFDOO\ FDOOHG PDUNH +RZ WKHVH VWRFN
LQJ UDWLRV ZHUH GHWHUPLQHG ZDV QRW FOHDU EXW WKH\ ZHUH QRW IUHTXHQWO\
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DGMXVWHG *ROGVWHLQ HW DO  7KH DOORFDWLRQ RI SDVWXUHV ZDV DGMXVWHG
HYHU\ IHZ \HDUV DFFRUGLQJ WR WKH FKDQJHV WR WKH VL]H RI KHUG LQ HDFK KRXVH
KROG
,W LV FRPPRQO\ DFFHSWHG LQ&KLQD WKDW 7LEHWDQQRPDGVZDQGHUHG IUHHO\
DFURVV WKH JUDVVODQGV ZLWK QR SHUPDQHQW KRPH DQG ZLWKRXW DQ\ PDQDJH
PHQW RI WKH JUD]LQJ ODQGV ,Q IDFW WKH 7LEHWDQ SDVWRUDO V\VWHP ZDV GH
VLJQHG DURXQG WKH PRYHPHQW RI OLYHVWRFN WR GLIIHUHQW SDVWXUHV DW GLIIHU
HQW VHDVRQV RI WKH \HDU DQG WKH WUDFNLQJ RI IDYRXUDEOH IRUDJH FRQGLWLRQV
,W DOVR LQFOXGHG D UHODWLYHO\ VWDEOH UHODWLRQVKLS EHWZHHQ SDVWRUDOLVWV DQG
UDQJHODQGV 7KH IDPLO\ RU JURXS OHDGHUV RI SDVWRUDOLVWV PDNH GHFLVLRQV
RQ KHUG PRYHPHQW WDNLQJ LQWR DFFRXQW SDVW XVH VQRZIDOO DQG UDLQIDOO
JURZWK VWDWH RI JUDVV DQG FRQGLWLRQ RI WKH DQLPDOV 0LOOHU E 7KH
QRPDGV¶ PRYHPHQWV ZHUH WKXV ZHOO SUHVFULEHG DQG DUH KLJKO\ UHJXODWHG
0LOOHU D
2IILFLDOV ZKR DUH QRW XVXDOO\ SDVWRUDOLVWV WKHPVHOYHV WHQG WR LPSXWH
ZLGHVSUHDG UDQJHODQG GHJUDGDWLRQ WR KHUGHUV DQG WKHLU RYHUXVH RI UDQJH
ODQGV EXW UHVHDUFK VKRZV WKDW DVLGH IURPFKDQJHV UHODWHG WR FOLPDWH WUHQGV
WKH PRVW IXQGDPHQWDO FDXVH KDV EHHQ LQDSSURSULDWH JRYHUQPHQW SROLFLHV
UHODWLQJ WR WKH SDVWRUDO DUHDV GXH WR LQVXIILFLHQW XQGHUVWDQGLQJ RI WKH UDQJH
ODQG HFRV\VWHP <DQ 
 &KDQJHV DQG GHYHORSPHQWV RI SDVWRUDOLVP LQ
WKH WK FHQWXU\
$IWHU WKH\ PDQDJHG WR RYHUWKURZ WKH .XRPLQJWDQJ 1DWLRQDOLVWV 3DUW\
JRYHUQPHQW LQ 1DQMLQJ ZKLFK UXOHG PDLQODQG &KLQD IURP  WR 
WKH 3HRSOH¶V /LEHUDWLRQ $UP\PDUFKHG RQ WRZDUGV WKH ZHVWHUQ DQG VRXWK
HUQ SURYLQFHV LQFOXGLQJ <XQQDQ +DLQDQ DQG 7LEHW WR HOLPLQDWH WKH UH
PDLQLQJ .XRPLQJWDQJ IRUFHV $IWHU D IHZ IDLOHG DWWHPSWV WR UHVLVW WKH
&KLQHVH $UP\ DQG D VXVSHQGHG DSSHDO LQ WKH 8QLWHG 1DWLRQV *HQHUDO $V

&+$37(5  %$&.*5281'
VHPEO\ LQ $SULO  D 7LEHWDQ GHOHJDWLRQ EHJDQ QHJRWLDWLRQV ZLWK WKH
&KLQHVH JRYHUQPHQW DQG UHDFKHG D 3RLQW $JUHHPHQW RQ WKH 3HDFHIXO
/LEHUDWLRQ RI 7LEHW RQ  0D\ RI WKDW \HDU 5LFKDUGVRQ  7KH DJUHH
PHQW FODLPV WKDW WKH &KLQHVH 3HRSOH¶V *RYHUQPHQW VKDOO DVVLVW DOO QDWLRQDO
PLQRULWLHV WR GHYHORS WKHLU SROLWLFDO HFRQRPLF FXOWXUDO DQG HGXFDWLRQDO
FRQVWUXFWLRQZRUN 7KHPDLQ FRQWHQW RI WKH DJUHHPHQW LQFOXGHG UHFRJQLV
LQJ WKH 7LEHWDQ 3HRSOH¶V ULJKW RI H[HUFLVLQJ UHJLRQDO DXWRQRP\ QRW DOWHU
LQJ WKH H[LVWLQJ SROLWLFDO DQG UHOLJLRQ V\VWHP DQG GHYHORSLQJ DJULFXOWXUH
OLYHVWRFNUDLVLQJ LQGXVWU\ DQG FRPPHUFH DQG LPSURYLQJ SHRSOH¶V OLYHOL
KRRG ³VWHS E\ VWHS´ ,W ZDV DOVR PHQWLRQHG E\ 5LFKDUGVRQ  WKDW
DQ LPPLJUDWLRQ RI  IDPLOLHV RI &KLQHVH IDUPHUV LQWR 7LEHW ZDV DQ
QRXQFHG EXW WKHUH LV QR HYLGHQFH LQ RWKHU VRXUFHV
7KHUH ZHUH DWWHPSWV E\ WKH &KLQHVH WR FKDQJH WKH 7LEHWDQ SROLWLFDO
V\VWHP GHVSLWH WKH 3RLQW $JUHHPHQW EXW WKH\ ZHUH KHOG EDFN RU SXW
RII 5LFKDUGVRQ  %XW WKH HFRQRPLF SUREOHP ZDV ZRUU\LQJ 7KH
IRRG VXSSO\ WR &KLQHVH VROGLHUV ZDV YHU\ OLPLWHG GXH WR WKH GLIILFXOWLHV
LQ WUDQVSRUWDWLRQ 7KH 8QLWHG 6WDWHV ER\FRWWHG ZRRO IURP ³FRPPXQLVW´
7LEHW %HLMLQJ¶V UHVSRQVH ZDV WR SXUFKDVH 7LEHWDQ ZRRO DW WKUHH WLPHV WKH
PDUNHW SULFH *UXQIHOG  $QRWKHU XQH[SHFWHG SUREOHP ZDV LQIOD
WLRQ EHFDXVH RI PRQH\ EURXJKW LQ IURP LQQHU &KLQD DQG GLVWULEXWHG WR WKH
SHDVDQWU\ LQ WKH IRUP RI JUDQWV DQG ORDQV ,Q RUGHU WR GHDO ZLWK ULVLQJ IRRG
SULFHV WKH 3HRSOH¶V /LEHUDWLRQ$UP\ 3/$ HVWDEOLVKHG WKHLU RZQ IDUPV RQ
XQXVHG ODQG FDXVLQJ UHVHQWPHQW DPRQJ SHDVDQWV ZKR ZHUH QRW DOORZHG
WR GR VR )RRG LPSRUWV GRXEOHG LQ WKH SHULRG  WR  DQG LQIODWLRQ
ZDV QRW FRQWUROOHG XQWLO ODWHU LQ WKH GHFDGH
7KH ODQG DOORFDWLRQ DQG PDQDJHPHQW V\VWHP RQ WKH SODWHDX ZDV UHO
DWLYHO\ VWDEOH VLQFH WKH HVWDEOLVKPHQW RI WKH ODPDDULVWRFUDW SROLWLFV V\V
WHP LQ 7LEHW E\ 0RQJROLDQ UXOHUV LQ WK FHQWXU\ 7KH IDPLO\ RU FODQ
EDVHG V\VWHP KDG DOZD\V EHHQ WKH PDMRU IHDWXUH RI ODQG PDQDJHPHQW LQ
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7LEHW +RZHYHU WKLV V\VWHP KDV XQGHUJRQH IXQGDPHQWDO FKDQJHV LQ WKH
WK FHQWXU\ ZKLFK WUDQVIRUPHG WKH V\VWHP LQWR D VHPLGHPRFUDWLF SUR
JUDP LQ D VXEVLVWHQFHWRPDUNHW WUDQVLWLRQ EDFNJURXQG E\ FKDQJLQJ WKH
ZD\ RI ODQGPDQDJHPHQW DQG DOORFDWLRQ IURPPRQDVWU\IHXGDO UXOHU GRP
LQDWHG WR VWDWH SODQQHG 7KH PDMRU HYHQWV LQ WKH WUDQVLWLRQ RI ODQG PDQ
DJHPHQW V\VWHPV LQFOXGH WKH ³GHPRFUDWLF UHIRUP´ *UDLQ )LUVW DQG WKH
*UHDW /HDS)RUZDUG FDPSDLJQV LQ V FROOHFWLYLVDWLRQ LQ V WKURXJK
V 2SHQ DQG 5HIRUP LQ V DQG SULYDWLVDWLRQ VLQFH WKH ODWH V
7KH *UDLQ)LUVW FDPSDLJQ ZKLFK EHJDQ LQ WKH V LQ RWKHU SDUWV RI
&KLQD ZDV FRQVLGHUHG WR KDYH WKH PRVW QHJDWLYH LPSDFW RQ WKH HQYLURQ
PHQW ,Q WKLV PRYHPHQW HYHQ ODQG XQVXLWHG WR DJULFXOWXUH ZDV UHFODLPHG
WR VDWLVI\ WKH FRXQWU\¶V JUDLQ QHHG +R  ,Q WKLV SURFHVV PDQ\ SDV
WXUHV ZKLFK FRXOG QRW VXSSRUW JUDLQ DQG YHJHWDEOH SURGXFWLRQV ZHUH FRQ
YHUWHG WR VXFK XVH FDXVLQJ GDPDJH WR WKH JUDVVODQG HFRORJ\ ZLWK YLUWXDOO\
QR LQFUHDVH LQ IRRG SURGXFWLRQ 7KLV PRYHPHQW HQGHG IROORZLQJ WKH 
QDWLRQVFDOH IDPLQH ZKLFK ZDV FDXVHG E\ QDWLRQDOVFDOH HFRORJLFDO GLV
DVWHUV DQG WKH 6RYLHW 8QLRQ¶V VDQFWLRQV GXH WR ERUGHU GLVSXWHV LQ 1RUWK
HDVWHUQ &KLQD EXW WKH LGHD WKDW DJULFXOWXUH LV FULWLFDO IRU SHRSOH¶V OLYHV
DQG QDWLRQDO VHFXULW\ VWLOO UHPDLQHG DQG FRQWLQXHG WR HQFRXUDJH UDQJH
ODQG WUDQVIRUPDWLRQ LQ ODWHU \HDUV
7UDQVSRUWDWLRQ DOVR FKDQJHG WKH FKDUDFWHULVWLFV RI WKH SODWHDX DQG ID
FLOLWDWHG IXUWKHU WUDQVIRUPDWLRQ )URP  WR  QHWZRUNV RI WUDQV
SRUWDWLRQ DQG FRPPXQLFDWLRQV ZHUH HVWDEOLVKHG LQ 7LEHW 7KH 4LQJKDL
7LEHW KLJKZD\ZDV H[WHQGHG IURP/KDVD WR 6KLJDWVH LQ  %\$SULO 
PRUH WKDQ  km RI PRWRUURDGV ZHUH RSHQ WR WUDIILF 7KH 6LFKXDQ
7LEHW KLJKZD\ QRUWK VHFWLRQ ZDV FRPSOHWHG LQ 2FWREHU  $LUILHOGV
ZHUH DOVR FRPSOHWHG GXULQJ WKLV SHULRG LQFOXGLQJ RQH LQ /KDVD FRPSOHWHG
LQ  DQRWKHU LQ7LQJUL DERXW PLOHV QRUWK IURP0RXQW4RPRODQJPD
0RXQW (YHUHVW LQ  *LQVEXUJV DQG 0DWKRV  7KHVH FRQVWUXF
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WLRQ SURMHFWV EURXJKW FRQVLGHUDEOH LPSDFW WR 7LEHW 7KH LPSRUW RI JRRGV
IURP LQQHU &KLQD KDG DPDQLIROG LQFUHDVH ,Q UHWXUQ WKH 6WDWH¶V SXUFKDVHV
RI DQLPDO SURGXFWV DQG RWKHU ORFDO PHUFKDQGLVH ZDV DQQRXQFHG WR EH WHQ
WLPHV JUHDWHU WKDQ EHIRUH WKH URDGV ZHUH EXLOW
5HIRUP SROLFLHV IRU QRPDGLF OLIH SURSRVHG DV WKH &RPPXQLVW 3DUW\¶V
RIILFLDO YLHZ VWDWHG WKDW ³D QRPDGLF OLIH LV QHLWKHU EHQHILFLDO WR WKH GHYHO
RSPHQW RI DQLPDO KXVEDQGU\ QRU WR WKH SURVSHULW\ RI WKH KXPDQ SRSX
ODWLRQ´*UXQIHOG  S 7KH LQWURGXFWLRQ RI YHWHULQDULDQ VWDWLRQV
H[SHULPHQWDO EUHHGLQJ VWDWLRQV VFKRROV DQG IL[HG ZLQWHU IHHG DUHDV OHG
WR D PDUNHG GHFOLQH RI PRELOLW\ 7KH IRUFHG FRQILVFDWLRQ RI ZHDSRQV DOVR
DIIHFWHG QRPDGV¶ OLIH DQG WKHLU DWWLWXGH WRZDUGV WKH &KLQHVH JRYHUQPHQW
*UXQIHOG 
7KHVH SROLFLHV *UXQIHOG FRPPHQWV ZHUH QRW DEOH WR FKDQJH WKH ULJLG
DQGRVVLILHG IHXGDO VRFLHW\ LQ7LEHW 0DQ\ RI WKHPKDG LPSOLFDWLRQV GHHSHU
WKDQ FDQ EH REVHUYHG 0LVXQGHUVWDQGLQJV RI 7LEHWDQ 6RFLHW\ LQ DGGLWLRQ
WR SHUVLVWHQW &KLQHVH FKDXYLQLVP DQG DQ LQDELOLW\ WR UHVSRQG WR WKH 7L
EHWDQ SHRSOH¶V UHVHQWPHQW ZHUH WKH JUHDWHVW EDUULHUV WR WKH &KLQHVH JRY
HUQDQFH LQ 7LEHW
,Q WKLV SHULRG ILQDQFLDO DLG ZDV DSSOLHG IRU DQG XWLOLVHG E\ 7LEHWDQ
FDWWOHEUHHGHUV 7KH 6WDWH SXUFKDVH SULFH ZDV KLJK DQG VWDEOH &RXUVHV
RQ VWRFNUDLVLQJ ZHUH DOVR JLYHQ WR KHUGHUV $IWHU WKH ULRW RI 7LEHWDQ UHVL
GHQWV FDXVHG E\ WKH H[LOH RI 'DODL /DPD LQ 0DUFK  WKH &KLQHVH JRY
HUQPHQW EHJDQ WKH LPSOHPHQWDWLRQ RI ³GHPRFUDWLF UHIRUPV´ LQ 7LEHW FRP
SULVLQJ ODQG UHGLVWULEXWLRQ DQG WKH DEROLWLRQ RI VHUIGRP %XW LQ SDVWRUDO
DUHDV WKHVH PHDVXUHV ZHUH UHODWLYHO\ OHVV LPSOHPHQWHG *LQVEXUJV DQG
0DWKRV  7KHVH PHDVXUHV PD\ KDYH GLUHFWHG SDVWRUDO SURGXFWV WR
LQQHU &KLQD DQG PHUFKDQGLVH WR 7LEHWDQ SDVWRUDOLVWV EXW GLG QRW SUR
IRXQGO\ FKDQJH WKH FXVWRPV RI 7LEHWDQ QRPDGV EHFDXVH WKHLU PDQDJH
PHQW V\VWHP PRVWO\ UHPDLQHG XQFKDQJHG
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7KRXJK WKH ODUJHVFDOH FROOHFWLYLVDWLRQ PRYHPHQW PDUNHG E\ WKH HV
WDEOLVKPHQW RI FRPPXQHV VWDUWHG LQ HDVWHUQ DQG FHQWUDO &KLQD DV HDUO\
DV  -RKQVRQ  7LEHW ZDV QRW LQYROYHG XQWLO D IHZ \HDUV ODWHU DV
WKH JRYHUQPHQW GHFLGHG WR FROOHFWLYLVH LW JUDGXDOO\ ,Q  WKH UHODWLYHO\
PLOG SROLF\ FDOOHG PXWXDO DLG URJUH ZDV LQWURGXFHG WR 7LEHW +RXVHV
IURP PLGGOH DQG SRRU FODVVHV ZHUH IRUPHG LQWR PXWXDO DLG JURXSV FRQ
VLVWLQJ RI VHYHUDO KRXVHKROGV WKDW MRLQWO\ KHOG SDVWXUHV DQG FRUSRUDWHO\
FDUULHG RXW WDVNV VXFK DV KHUGLQJ *ROGVWHLQ DQG %HDOO  (FRQRPLF
GHFLVLRQV DQG WKH UHVXOWLQJ LQFRPH RU ORVV VWLOO UHPDLQHG WKH GLVFUHWLRQ RI
LQGLYLGXDO KRXVHKROGV
5LFK QRPDGV DW WKLV WLPH ZHUH QRW SHUPLWWHG WR MRLQ WKH PXWXDO DLG
JURXSV DQG KDG WR SD\ KLJKHU WD[HV DQG ZDJHV %XW WKH\ ZHUH SHUPLWWHG
WR UHWDLQ WKHLU DQLPDOV DQG FRQWLQXH WR KLUH SRRU QRPDGV DV VHUYDQWV DQG
VKHSKHUGV WKRXJK VXFK SUDFWLFH ZDV IRUELGGHQ LQ RWKHU SDUWV RI &KLQD
*ROGVWHLQ DQG %HDOO 
,Q  WKH FRPPXQH V\VWHP ZDV UHIRUPHG WR DYRLG HFRQRPLF FDWDV
WURSKHV DQG REMHFWLRQV IURP SHRSOH 7KH FRPPXQH V\VWHP HYHQWXDOO\
DGRSWHG LQ 7LEHW ZDV QRW OLNH WKDW RI  LQ LQQHU &KLQD 7KH WZROD\HU
RUJDQLVDWLRQ RI FRPPXQH DQG SURGXFWLRQ WHDP EDVHG RQ DGPLQLVWUDWLYH
DQG QDWXUDO YLOODJHV DSSDUHQWO\ OHG WR EHWWHU UHODWLRQVKLSV DQG HIILFLHQF\
WKRXJK VXFK RUJDQLVDWLRQ ZDV QRW SUDFWLVHG RYHU WKH ZKROH RI &KLQHVH 7L
EHW 'UH\HU  +RZHYHU WKH FRPPXQH VWLOO KDG DOO OLYHVWRFN DQG SDV
WXUH LQ LWV FRQWURO 3HRSOH ZHUH IRUFHG WR WXUQ RYHU WKH OLYHVWRFN DQG PRVW
RI WKHLU SURSHUW\ WR WKH FROOHFWLYH E\ VKDUHV <DQ HW DO QG 7KH QRPDGV
WKXV KDG WR ZRUN IRU WKH FRPPXQH WR REWDLQ ³ZRUN SRLQWV´ FDVK DQG SUR
YLVLRQV IRU WKHLU IDPLOLHV *ROGVWHLQ DQG %HDOO  7KH EDVLF DFFRXQWLQJ
XQLW DV LQ RWKHU DUHDV RI WKH FRXQWU\ ZDV WKH SURGXFWLRQ WHDP /LYHVWRFN
RZQHG E\ FROOHFWLYHV RU FRPPXQHV ZHUH XVXDOO\ GLYLGHG LQWR GLIIHUHQW
JURXSV /DERXU IRUFHV RQ WKH IDUP ZHUH DOVR DFFRUGLQJO\ GLYLGHG LQWR GLI
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IHUHQW JURXSV <DQ HW DO QG
,Q WKH V WKH IRUPDWLRQ RI FRPPXQHV ZDV DFFRPSDQLHG E\ ODUJH
VFDOH HIIRUWV DW FURS GLYHUVLILFDWLRQ ,Q  ±  VXFFHVVLYH GHOHJDWLRQV
RI VFLHQWLVWV IURP LQQHU &KLQD LQYHVWLJDWHG WKH DUHD¶V FOLPDWH DQG WHUUDLQ
WR DVFHUWDLQ ZKDW VRUW RI FURSV DQG DQLPDOV FRXOG VXUYLYH KLJK DOWLWXGHV
$V D UHVXOW VSHFLHV VXFK DV ZLQWHU ZKHDW DQG KRJV ZHUH LQWURGXFHG RU
WKHLU SRSXODWLRQ HQODUJHG $ ZLGH YDULHW\ RI IUXLWV DQG YHJHWDEOHV ZHUH
DOVR LQWURGXFHG 7KRXJK JRRG KDUYHVWV ZHUH UHSRUWHG LQ WKH ILUVW IHZ
\HDUV VLQFH WKH SUDFWLFH VXFK SUDFWLFH OHG WR DQ HFRORJLFDO GLVDVWHU LQ ODWH
V LQ ZKLFK ODUJH DUHDV RI SDVWRUDO JUDVVODQG ZHUH ORVW ZLWKRXW DQ\
FURS SURGXFWLRQ LQ UHWXUQ EHFDXVH WKH SRRU QXWULHQW VWDWH RI WKH VRLO DQG
VKRUW JURZWK VHDVRQ ZLWK XQSUHGLFWDEOH ZHDWKHU SDWWHUQV FDQQRW VXSSRUW
ORQJWHUP DJULFXOWXUH 'UH\HU 
,Q 0D\  3DUW\ 6HFUHWDU\ <DREDQJ +X DQG 9LFH3UHPLHU /L :DQ
PDGH DQ XQSUHFHGHQWHG IDFWILQGLQJ YLVLW WR 7LEHW WR VHH FRQGLWLRQV WKHUH
+X ODWHU DQQRXQFHG D UHIRUP SURJUDPPH IRU 7LEHW ZKLFK LQFOXGH UH
GXFLQJ WKH EXUGHQ RI WKH PDVVHV UHYLVLQJ SROLFLHV WR VXLW WKH ORFDO VLWX
DWLRQ GHYHORSLQJ 7LEHWDQ FXOWXUH HGXFDWLRQ DQG VFLHQFH DQG UHJXODWLQJ
WKH SURSRUWLRQ RI 7LEHWDQ FDGUHV LQ JRYHUQPHQW IXQFWLRQDULHV ZLWKLQ WKH
QH[W  ±  \HDUV *ROGVWHLQ  $V D SDUW RI WKH SURJUDPPH WKH FRP
PXQH V\VWHP VKRXOG EH FKDQJHG
)URP  WKH ³+RXVHKROG 5HVSRQVLELOLW\ 3URJUDPPH´ ZKLFK ZDV
VWDUWHG LQ WKH FURS SURGXFWLRQ VHFWRU LQ $QKXL SURYLQFH ZDV LQWURGXFHG
WR WKH 7LEHWDQ SDVWRUDO V\VWHP 0LOOHU D 7KH LGHD RI WKH SURJUDPPH
ZDV WR JLYH WKH LQFHQWLYH WR LQFUHDVH SURGXFWLRQ EDFN WR IDUPHUV ZKR
ZRXOG QRW ZRUN WR WKHLU EHVW LQ WKH FRPPXQH V\VWHP ZKHUH HYHU\RQH LV
SDLG WKH VDPH IRU DQ\ JLYHQ WLPH RI ZRUN 7KH FRPPXQH V\VWHP WKXV ZDV
UHSODFHG ,Q PDQ\ DUHDV OLYHVWRFN RQFH RZQHG E\ WKH FRPPXQHV ZHUH
GLVWULEXWHG HTXDOO\ DPRQJ WKH FRQVWLWXHQW KRXVHKROGV 7KH SDVWXUHV ZHUH
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DOVR DVVLJQHG WR JURXSV RUJDQLVHG LQ D VLPLODUZD\ WR FRPPXQHV $OO UDQJH
ODQGV FRQWLQXH WR EH RZQHG E\ WKH VWDWH RU E\ FROOHFWLYHV 3ROLF\ DOVR SUH
VFULEHG WKH GHULYDWLRQ RI VWRFNLQJ UDWHV IRU KRXVHKROG SDVWXUHV WR GHWHU
RYHUVWRFNLQJ %DQNV HW DO 
7KH IDFW WKDW OLYHVWRFN ZHUH SULYDWHO\ RZQHG E\ QRPDGV ZKLOH WKH SDV
WXUHV ZHUH VKDUHG DPRQJ WKH JURXS PHPEHUV ZKR GLG QRW RZQ SURSHUW\
ULJKWV RI ODQG UDLVHG WKH JRYHUQPHQW¶V FRQFHUQ WKDW QRPDGV PD\ ZDQW WR
PD[LPLVH WKHLU VKRUW WHUP LQWHUHVW DW WKH FRVW RI WKH HQYLURQPHQW HVSH
FLDOO\ DIWHU JUDVVODQG GHJUDGDWLRQ KDG EHHQ GHPRQVWUDWHG LQ VRPH DUHDV
1LQJ DQG5LFKDUG  7R DYRLG WKH VR FDOOHG ³WUDJHG\ RI WKH FRPPRQV´
+DUGLQ  WKH +RXVHKROG /DQG &RQWUDFW 3URJUDPPHZDV LQWURGXFHG
LQ WKH V 6KHHK\ 7KRUSH DQG .LU\FKXN  ZKLFK ZDV LQ HIIHFW
SULYDWLVDWLRQ RI ODQG XVH ULJKWV 8QGHU WKLV SURJUDPPH WKH SDVWXUHV DUH
OHDVHG WR QRPDGV XQGHU D ORQJWHUP FRQWUDFW ZKLFK LV RIWHQ YDOLG IRU 
RU  \HDUV 7KLV LV EDVHG RQ WKH DVVXPSWLRQ WKDW QRPDGV ZLOO EH PRUH
UHVSRQVLEOH IRU WKH ODQG RQ ZKLFK WKH\ JUD]H WKHLU KHUGV LI WKH\ KDYH ORQJ
WHUP ULJKW RI XVH RI LW $W WKH VDPH WLPH WKH JRYHUQPHQWZLVKHG WR UHVWUXF
WXUH SDVWRUDO SURGXFWLRQ LQ 7LEHW E\ FKDQJLQJ WKH WUDGLWLRQDO V\VWHP 7KH
DLPV LQFOXGH 1LQJ DQG 5LFKDUG 
 ,QFUHDVH OLYHVWRFN RIIWDNH DQG SDVWRUDO LQFRPHV WKURXJK PRUH LQ
WHQVLYH PDQDJHPHQW VXFK DV VHGHQWDULVDWLRQ DQG IHQFLQJ
 5DLVH WKH QRPDGV¶ HQWKXVLDVP IRU UDQJHODQG PDQDJHPHQW WKURXJK
SULYDWLVDWLRQ RI UDQJHODQGV
 5DWLRQDOLVH ODQG XVH E\ OLPLWLQJ OLYHVWRFN QXPEHUV DQG
 ,QFUHDVH WKH QRPDGV¶ OHYHO RI NQRZOHGJH DQG VNLOOV DQG VWUHQJWKHQ
WKHLU PDUNHWLQJ VHQVH WKURXJK LPSURYHPHQW RI LQIUDVWUXFWXUH
%\ WKH HQG RI  DERXW  SHUFHQW RI &KLQD¶V XVDEOH UDQJHODQG ZDV
OHDVHG WKURXJK ORQJWHUP FRQWUDFW RI XVH RI ZKLFK  SHUFHQW ZDV FRQ

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WUDFWHG WR LQGLYLGXDO KRXVHKROGV DQG WKH UHVW WR JURXSV RI KRXVHKROGV RU
WR YLOODJHV <DQ HW DO 
,Q UHFHQW GHFDGHV QRPDGV DFURVV PRVW RI WKH SDVWRUDO DUHDV RI WKH 7L
EHWDQ 3ODWHDX KDYH EXLOW KRXVHV IRU WKHPVHOYHV DQG VKHOWHUV IRU WKHLU OLYH
VWRFN XVXDOO\ LQ WKH WUDGLWLRQDO ZLQWHUVSULQJ SDVWXUHV ZKHUH WKH\ PD\
VSHQG XS WR  ±  PRQWKV RI WKH \HDU 0LOOHU E 1RPDGV DUH DOVR LQ
FUHDVLQJO\ IHQFLQJ SDVWXUHV WR UHVHUYH JUDVV IRU ZLQWHU DQG VSULQJ JUD]LQJ
DQG DUH SODQWLQJ WDPH SDVWXUHV IRU HLWKHU ZLQWHUVSULQJ JUD]LQJ RU IRU KD\
0LOOHU E 6XFK SUDFWLFHV DUH HQFRXUDJHG E\ WKH JRYHUQPHQW :LQ
WHU RU \HDUURXQG SDVWXUHV DUH DOORFDWHG DQG IHQFHG 7KH SDVWRUDOLVWV DUH
DVNHG WR EXLOG D SHUPDQHQW KRXVH D EDUQ DQG D VKHOWHU RQ WKH SDVWXUH
7KLV LV FDOOHG ³WKH WKUHH VHOIFRQWDLQ FRQVWUXFWLRQ´ ,Q VRPH FRXQWLHV QR
PDGV DUH VXEVLGLVHG E\ WKH JRYHUQPHQW IRU VXFK SURMHFWV $UWLILFLDO SDV
WXUHV DQG H[FOXVLYH KD\ SDVWXUHV KDYH DOVR EHHQ HVWDEOLVKHG LQ VRPH DUHDV
ZKHUH QDWXUDO SDVWXUHV DUH GHJUDGHG
)LJXUH  +RXVHV EXLOW IRU D JURXS RI VHPLVHGHQWDU\ SDVWRUDOLVWV QHDU
WKH WRZQ RI $PGXR LQ QRUWKHUQ 7LEHW 3KRWR E\ =KHQ :X
,W LV EHOLHYHG WKDW VHGHQWDULVDWLRQ ZLOO KHOS WKH SDVWRUDOLVWV LPSURYH
SURGXFWLRQ WKURXJK LQWHQVH UDQJHODQGPDQDJHPHQW DQGPRUH FRQYHQLHQW

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DFFHVV WR YHWHULQDU\ VHUYLFHV 7KH SDVWRUDOLVWV¶ KRXVHKROGV FDQ DOVR KDYH
DFFHVV WR VFKRROV KRVSLWDOV DQG LQIUDVWUXFWXUHV VXFK DV URDG DQG HOHF
WULFLW\ ZKLFK LV PXFK PRUH GLIILFXOW WR SURYLGH ZKHQ WKH\ DUH OHDGLQJ D
QRPDGLF OLIH
7KH HOHPHQWV RI WKH QDWXUDO HQYLURQPHQW H[DPLQHG LQ WKLV FKDSWHU GH
WHUPLQH WKH PRGH RI SDVWRUDO OLIH LQ 7LEHW $OWKRXJK SDVWRUDO OLIH KDV XQ
GHUJRQH FKDQJHV LQ LQVWLWXWLRQV ODQG RZQHUVKLS DQG HFRQRPLF V\VWHPV
LQ WKH WK FHQWXU\ DQG SRVVLEO\ WKURXJKRXW LWV KLVWRU\ WKH FRUH YDOXH
RI EDODQFLQJ WKH OHYHO RI UHVRXUFH UHTXLUHPHQW KDV QRW FKDQJHG $Q\ QHZ
DSSURDFK WR PDLQWDLQLQJ WKH H[LVWLQJ ZD\ RI OLIH PXVW DOVR DGGUHVV WKLV
FRUH YDOXH 7KH PHWHRURORJLFDO V\VWHP RI WKH 7LEHWDQ 3ODWHDX GHWHUPLQHV
WKDW WKH ZHDWKHU LQ WKLV DUHD LV VXEMHFW WR WKH LQIOXHQFH RI YDULRXV ZHDWKHU
V\VWHPV DQG IUHTXHQW DQQXDO FKDQJHV 7KH ZHDWKHU V\VWHPV LQ UHWXUQ DUH
LQIOXHQFHG E\ WUHQGV RI FOLPDWH FKDQJH 7KHVH IDFWRUV LPSO\ WKDW WKH UH
VLOLHQFH VWXG\ RI WKH DUHD PXVW SD\ DWWHQWLRQ WR WKH IXQFWLRQV SURYLGHG E\
YHJHWDWLRQ ZKLFK LV WKH EDVH RI WKH HFRQRP\ DQG VRFLHW\ DQG LV VXVFHSWLEOH
WR QDWXUDO DQG KXPDQ GLVWXUEDQFHV

&KDSWHU 
7KHRUHWLFDO DQG
PHWKRGRORJLFDO EDFNJURXQG
UHYLHZ
7KH HFRV\VWHP UHVLOLHQFH DSSURDFK LV XVHG LQ WKH VWXG\ WR FRPSDUH WKH
VXVWDLQDELOLW\ DQG DGDSWDELOLW\ RI 7LEHW¶V QRPDGLF SDVWRUDOLVP DQG PRG
HUQ OLYHVWRFN PDQDJHPHQW 7KLV FKDSWHU UHYLHZV WKH LQYHQWLRQ DQG GH
YHORSPHQW RI WKH UHVLOLHQFH FRQFHSW DV ZHOO DV LWV DSSOLFDWLRQV 7KH ODWWHU
SDUW GHDOV ZLWK UHPRWH VHQVLQJ DV D GDWD FROOHFWLQJ DSSURDFK DQG KRZ UH
VLOLHQFH DVVHVVPHQW XVHV UHPRWHO\ VHQVHG GDWD
 5HVLOLHQFH
5HVLOLHQFH FDQ KDYHPXOWLSOH OHYHOV RIPHDQLQJ &DUSHQWHU HW DO  $O
WKRXJK LW KDV EHHQ XVHG PDLQO\ DV D PHWDSKRULFDO GHVFULSWLRQ RI V\VWHPV
QRZ LW LV SRVVLEOH WR GHILQH DQG LOOXVWUDWH D V\VWHP¶V UHVLOLHQFH XVLQJPDWK
HPDWLFDO PRGHOV DQG SORWV HJ 0RULW] HW DO  %ROWH HW DO  DQG
FRQGXFW PHDVXUHPHQW DQG DVVHVVPHQW JLYHQ DGHTXDWH XQGHUVWDQGLQJ RI
WKH V\VWHP LQ TXHVWLRQ DQG VXIILFLHQW GDWD HJ0DUWLQ  DOWKRXJK WKH
FDVHV RI DFWXDO PHDVXUHPHQW RI UHVLOLHQFH DUH OLPLWHG LQ QXPEHU 1RPDW

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WHU ZKHWKHU WKH PHWDSKRULFDO WKHRUHWLFDO RU SUDFWLFDO OHYHO RI UHVLOLHQFH¶V
PHDQLQJ LV FRQFHUQHG LQ SUDFWLFH WKH ILUVW SUREOHP LV GHILQLQJ WKH FRP
SRQHQWV DQG SURFHVVHV RI LQWHUHVW DV ZHOO DV IRUFHV DQG GLVWXUEDQFHV WKDW
LQIOXHQFH WKHLU SURSHUWLHV ,Q RWKHUZRUGV UHVLOLHQFH RI ZKDW WRZKDW &DU
SHQWHU HW DO  LV WKH ILUVW TXHVWLRQ LQ UHVLOLHQFH VWXGLHV %HFDXVH ERWK
WKH V\VWHP¶V SURSHUWLHV DQG H[WHUQDO IRUFHV FKDQJH ZLWK WKH WHPSRUDO VR
FLDO DQG VSDWLDO VFDOH DW ZKLFK REVHUYDWLRQ LV FRQGXFWHG WKH GHILQLWLRQ RI D
V\VWHP¶V UHVLOLHQFH DOVR QHHGV WR VSHFLI\ DW ZKLFK VFDOH LV WKHPHDVXUHPHQW
DQG DVVHVVPHQW FRQGXFWHG
&RPSDUHG WR FOLPD[ HFRV\VWHPV VXFK DV IRUHVW HFRV\VWHP WKH JUDVV
ODQG HFRV\VWHP LV WUDQVLHQW DQG PRUH OLNHO\ WR EH LQIOXHQFHG E\ HQYLURQ
PHQWDO FKDQJHV RU VSHFLHVPLJUDWLRQV +XPDQPDQDJHPHQW RI WKHVH HFRV\V
WHPV RIWHQ IRFXV RQ SUHYHQWLQJ WKH VKLIW RI VWDWHV DQG ORVV RI NH\ FRP
SRQHQWV RU IXQFWLRQV +RZHYHU GXH WR WKH FRPSOH[LW\ RI HFRORJLFDO LQ
WHUDFWLRQV KXPDQ PDQDJHPHQW RI WUDQVLHQW HFRV\VWHPV GRHV QRW DOZD\V
DFKLHYH WKH JRDO ,W LV DUJXHG WKDW WU\LQJ WR PDLQWDLQ DQ HTXLOLEULXP LQ
VXFK D WUDQVLHQW V\VWHP LV QRW IHDVLEOH QRU GHVLUDEOH :KDW LV LPSRUWDQW LV
WKDW WKH NH\ IXQFWLRQV RU VHUYLFHV WKH HFRV\VWHP SURYLGHV VKRXOG EH SUH
VHUYHG LQ WKH IDFH RI XQDYRLGDEOH FKDQJHV 7KXV WKH FRQFHSW RI UHVLOLHQFH
ZDV SURSRVHG LQ V DQG VLQFH WKHQZLGHO\ DSSOLHG LQ YDULRXV JHRJUDSK
LFDO VHWWLQJV DQG PDQDJHPHQW VFHQDULRV
 (FRORJLFDO 5HVLOLHQFH
(FRORJLFDO UHVLOLHQFH LV PHDVXUHG E\ KRZ PXFK GLVWXUEDQFH FDQ EH DE
VRUEHG E\ D V\VWHP EHIRUH LW LV UHVWUXFWXUHG ZLWK GLIIHUHQW YDULDEOHV DQG
SURFHVVHV *XQGHUVRQ DQG 3ULWFKDUG  ,Q WKH VWXG\ RI FRPSOLFDWHG
HFRORJLFDOVRFLRHFRQRPLF V\VWHPV UHVHDUFKHUV DUH RIWHQ FKDOOHQJHG ZLWK
WKH WDVN RI H[DPLQLQJ ZKLFK NLQGV RI GLVWXUEDQFH PD\ RFFXU DQG KRZ
ZHOO FDQ WKH V\VWHP FRSH ZLWK WKHVH GLVWXUEDQFHV ZLWKRXW FKDQJLQJ LWV
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NH\ VWUXFWXUHV DQG IXQFWLRQV )XUWKHUPRUH LW LV XVXDOO\ QHFHVVDU\ WR XQ
GHUVWDQG WKH GHJUHH WR ZKLFK WKH V\VWHP LV DEOH WR VHOIRUJDQLVH DQG EXLOG
WKH FDSDFLW\ WR OHDUQ DQG DGDSW &DUSHQWHU HW DO  7KHVH TXHVWLRQV
DUH H[WUHPHO\ GLIILFXOW WR DQVZHU ZHOO XQOHVV RQH REWDLQV D FRPSUHKHQ
VLYH XQGHUVWDQGLQJ RI WKH V\VWHP¶V YDULRXV DVSHFWV HVSHFLDOO\ WKDW RI NH\
SURFHVVHV DQG DJHQWV (FRORJLFDO UHVLOLHQFH UHVHDUFK LV EDVHG RQ WKH VDPH
SUHPLVH ,W UHTXLUHV WKH UHVHDUFKHU WR LGHQWLI\ WKH NH\ FRPSRQHQW DQG
WKH YDULDEOHV WKDW PD\ FDXVH D VXGGHQ VKLIW DQG DOWHUDWLRQ RI VXFK FRPSR
QHQWV ,Q UHWXUQ UHVLOLHQFH DVVHVVPHQW FDQ WHOO PDQDJHUV ZKDW IDFWRUV DUH
WKUHDWHQLQJ WKH VXVWDLQDELOLW\ RI WKH V\VWHP E\ LQIOXHQFLQJ ZKDW YDULDEOHV
DOORZLQJ WKHP WR WDNH FRUUHVSRQGLQJ DFWLRQ
$QRWKHU IHDWXUH RI HFRORJLFDO UHVLOLHQFH LV WKDW LW QRW RQO\ DFNQRZOHGJHV
WKH H[LVWHQFH RI PXOWLSOH SRVVLEOH VWDWHV RI D V\VWHP EXW DOVR SRLQWV RXW
WKDW WKH WUDQVLWLRQ RI WKH V\VWHP EHWZHHQ GLIIHUHQW VWDWHV PD\ QRW EH D OLQ
HDU SURFHVV DV PDQ\ RWKHU PRGHOV DVVXPH 7KH WUDQVLWLRQ PD\ EH YHU\
QRQOLQHDU DQG VXGGHQ DQG WKHUHIRUH FDQQRW EH GHVFULEHG ZLWK VLPSOH
FRQWLQXRXV IXQFWLRQ (FRORJLFDO UHVLOLHQFH LQWURGXFHG FRQFHSWV IURPQRQ
OLQHDU PDWKHPDWLFV WR VROYH VXFK D SUREOHP 0RUHRYHU HFRORJLFDO UHVLO
LHQFH GRHV QRW UHO\ RQ WKH DVVXPSWLRQ WKDW V\VWHPV DUH FRQVWDQWO\ LQ VWD
EOH VWDWHV ,QVWHDG QRQHTXLOLEULXP DQG QRQVWDEOH VWDWHV DUH FRQVLGHUHG
³QRUPDO´ LQ LWV VWXGLHV
5HVLOLHQFH VWXGLHV GR QRW RQO\ IRFXV RQ SURFHVVHV DW D VLQJOH VFDOH ,Q
VWHDG FURVVVFDOH SURFHVVHV DUH H[WHQVLYHO\ VWXGLHG LQ UHVLOLHQFH UHVHDUFK
)LUVW WKLV LV EHFDXVH UHVLOLHQFH DW RQH VSDWLDO H[WHQW LV RIWHQ ³VXEVLGLVHG´
IURP D ODUJHU VSDWLDO VFDOH OLNH D FLW\ VXSSRUWHG E\ VXUURXQGLQJ IDUPV
LOOXVWUDWHV 6HFRQGO\ WRGD\¶V VRFLDO V\VWHP EDVHG RQ IRVVLO IXHOV LV VXE
VLGLVHG IURP D SURFHVV WKDW WDNHV SODFH DW D ODUJHU WLPH VFDOH WKLUGO\ UH
VLOLHQFH LQ HFRV\VWHPV LV GHWHUPLQHG E\ WKH LQWHJULW\ RI IXQFWLRQV SURYLGHG
E\ GLIIHUHQW VSHFLHV LQ WKH V\VWHP ZKLOH WKHVH VSHFLHV RSHUDWH DW GLIIHUHQW

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WLPH DQG VSDFH VFDOHV VRPH GLVWXUEDQFH SURFHVVHV DOVR KDYH WKH DELOLW\ WR
GULYH ODUJHUVFDOH FKDQJHV E\ VPDOOVFDOH FKDQJHV 3HWHUVRQ HW DO 
&URVVVFDOH UHVLOLHQFH LV FRQVLGHUHG DV D FRPSOHPHQW WR ZLWKLQVFDOH UHVLO
LHQFH DQG LW LV D LUUHSODFHDEOH SUHUHTXLVLWH RI WKH V\VWHP¶V VHOIRUJDQLVDWLRQ
DQG VXVWDLQDELOLW\
%HVLGH HFRORJLFDO UHVLOLHQFH WKHUH LV DOVR DQRWKHU SDUDGLJP LQ VWXGLHV RI
HFRV\VWHP¶V DELOLW\ WR UHFRYHU IURP GLVWXUEDQFHV FDOOHG HQJLQHHULQJ UHVLO
LHQFH 7KLV FRQFHSW DVVXPHV WKDW D GHVLUDEOH HTXLOLEULXP DQG VWDWLF VWDWH
IRU D V\VWHP DOZD\V H[LVWV DQG UHVLOLHQFH LV PHDVXUHG E\ WKH WLPH WKH V\V
WHP UHTXLUHV WR UHWXUQ WR WKH VWDEOH VWDWH IURPD JLYHQ GLVWXUEDQFH +ROOLQJ
D ,Q WKLV VWXG\ ZKHWKHU HTXLOLEULXP VWDWH H[LVWV IRU D JUDVVODQG V\V
WHP LV TXHVWLRQDEOH ,W LV DOVR GLIILFXOW WR GHILQH VXFK D VWDWH LI LW GRHV H[LVW
7KHUHIRUH HFRORJLFDO UHVLOLHQFH LV FKRVHQ RYHU HQJLQHHULQJ UHVLOLHQFH DV WKH
WKHRUHWLFDO EDVH RI WKH VWXG\
 $GDSWLYH F\FOHV
)URP DQ HFRORJLFDO UHVLOLHQFH SHUVSHFWLYH D V\VWHP GRHV QRW WHQG WRZDUG
VRPH VWDEOH RU HTXLOLEULXP FRQGLWLRQ EXW SDVV WKURXJK IRXU FKDUDFWHULVWLF
SKDVHV UDSLG JURZWK DQG H[SORLWDWLRQ U FRQVHUYDWLRQ . FROODSVH RU
UHOHDVH ³FUHDWLYH GHVWUXFWLRQ´ RU Ω DQG UHQHZDO RU UHRUJDQLVDWLRQ α
&DUSHQWHU HW DO 
$ NH\ IHDWXUH RI WKH PHWDSKRU LV WKH H[LVWHQFH RI UHODWLYHO\ EULHI SHUL
RGV GXULQJ ZKLFK PDMRU FKDQJHV RFFXU Ω DQG α SKDVHV ,Q WKH Ω SHULRG
WKH V\VWHP G\QDPLFV UDSLGO\ FROODSVH IROORZHG E\ D PDMRU SHUWXUEDWLRQ
GXULQJ ZKLFK VRPH FRPSRQHQWV DQG DWWULEXWHV RI WKH V\VWHP PD\ EH ORVW
,Q WKH IROORZLQJ SHULRG RI UHRUJDQLVDWLRQ WKH α SKDVH QRYHOW\ FDQ DULVH
,Q WKH IROORZLQJ U SKDVH WKH V\VWHP VHWWOHV LQWR D QHZ WUDMHFWRU\ LQ D ZHOO
GHILQHG EDVLQ RI DWWUDFWLRQ 'XULQJ WKH ORQJ VORZ SURJUHVV IURP U WR .
WKHUH LV D GLPLQLVKLQJ OLNHOLKRRG WKDW QHZ QRYHOW\ ZLOO DULVH DOWKRXJK WKH

&+$37(5  7+(25(7,&$/ $1'0(7+2'2/2*,&$/
%$&.*5281' 5(9,(:
V\VWHPPD\ EHFRPHPRUH FRPSOH[ DV QHZ FRQQHFWLRQV DUH VROLGLILHG 5H
VLOLHQFH FKDQJHV WKURXJKRXW WKH DGDSWLYH F\FOH DQG GLIIHUHQW DVSHFWV RI
UHVLOLHQFH DUH GHPRQVWUDWHG DW SDUWLFXODU SKDVHV RI WKH F\FOH
,W LV XVHIXO WR FODVVLI\ WKH IRXU VWDJHV MXVW DV ELRORJLVWV FODVVLI\ OLIHF\FOH
VWDJHV WKDW UHFXU LQ VSHFLHV DIWHU VSHFLHV 0DQDJHG V\VWHPV VKRZ D WHQ
GHQF\ WR UHSHDW FKDUDFWHULVWLF EHKDYLRXUDO SKDVHV DQG LW LV XVHIXO WR LGHQ
WLI\ WKHP EHFDXVH GLIIHUHQW PDQDJHPHQW DQG SROLF\ LQWHUYHQWLRQV DUH DS
SURSULDWH LQ GLIIHUHQW SKDVHV :DONHU HW DO 
)URP SKDVH U WR . WKH V\VWHP LV XQGHU VWURQJ FRQWURO DQG FKDQJHV
VORZO\ 5HJXODWRU\ SROLFLHV DQG HIIRUWV WR LQFUHDVH HIILFLHQF\ PD\ EH DS
SURSULDWH DOWKRXJK FDUHIXO H[SHULPHQWDWLRQ LV VRPHWLPHV FULWLFDO $SSOL
FDWLRQV RI WHFKQLTXHV VXFK DV RSWLPDO FRQWURO FDQ EH XVHIXO +RZHYHU
UHVLOLHQFH FDQ EH ORVW WKURXJK JUDGXDO FKDQJHV LQ XQGHUO\LQJ VORZ YDUL
DEOHV $Q H[DPSOH RI U WR . SKDVH LV WKH (DUO\ '\QDVWLF 3HULRG LQ $Q
FLHQW 0HVRSRWDPLD 5HGPDQ DQG .LQ]LJ  LQ ZKLFK D VHULHV RI H[
SHULPHQWV LQ RUJDQLVLQJ FLWLHV DQG WKHLU KLQWHUODQGV ZHUH FDUULHG RXW 7KH
WHPSOH RYDOV SDODFHV DQG UR\DO EXULDOV EXLOW LQ WKLV SHULRG UHIOHFWV WKH
JURZWK LQ VRFLDO FDSLWDO DQG FRQQHFWHGQHVV ZKLFK LV WKH IHDWXUH RI WKH U WR
. WUDQVLWLRQ 7KH 6XPHULDQ FLW\VWDWHV GLVDSSHDUHG LQ WKLV SHULRG $W WKH
VDPH WLPH DQ HWKQLFDOO\ GLVWLQFW G\QDVW\ ZLWK WKH ILUVW 6HPLWLF UXOHUV DQG
D ODUJH DGPLQLVWUDWLYH DSSDUDWXV ZDV HVWDEOLVKHG 7KLV PDUNV WKH FRP
SOHWLRQ RI WKH WUDQVLWLRQ $ PRUH UHFHQW H[DPSOH LV :HVWHUQ $XVWUDOLD LQ
ODWH WK &HQWXU\ $OOLVRQ DQG +REEV  ,Q WKH SHULRG ODEHOOHG WKH
³0RYH )RUZDUG´ JRYHUQPHQW SROLF\ GURYH GHYHORSPHQW *RYHUQPHQW LQ
VWLWXWLRQV VHW RXW WKH FRQFHVVLRQV DQG FRQGLWLRQV IRU REWDLQLQJ IDUPODQG
HQDEOHG ODQGXVH SODQQLQJ DQG DFFHOHUDWHG ODQG UHOHDVH IRU DJULFXOWXUH
%\ WKH ODWH V  RI WKH DUHDV QRZ LGHQWLILHG DV :HVWHUQ $XVWUDOLD¶V
DJULFXOWXUH UHJLRQZDV FOHDUHG RI QDWLYH YHJHWDWLRQ 7KLV FDXVHG WKH ULVH RI
WKHZDWHU WDEOH DW ILUVW EXW WKH LQWURGXFWLRQ RI ZDWHU GHPDQGLQJ FURSV DQG
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LUULJDWLRQ V\VWHPV FDXVHG VDOLQLVDWLRQ DQG ZDWHU VKRUWDJH LQ GRZQVWUHDP
FRPPXQLWLHV 7KHVH IHDWXUHV DUH FKDUDFWHULVWLF RI WKH U WR . SKDVH
)URP SKDVH Ω WR α WKH V\VWHP FKDQJHV UDSLGO\ 1R HTXLOLEULD WXUEX
OHQW RU QRYHOW\ FDQ HQWHU 7KH V\VWHP LV VXVFHSWLEOH WR ORVV RI UHVRXUFHV
DQG PHDVXUHV WR FRQVHUYH FDSLWDO DUH DSSURSULDWH ,W LV DOVR YXOQHUDEOH
WR HQWHULQJ D SRWHQWLDOO\ XQGHVLUDEOH FRQILJXUDWLRQ ,QIOXHQWLDO LGHDV FDQ
EHFRPH HQWUHQFKHG DQG JXLGH VXEVHTXHQW HYROXWLRQ RI WKH V\VWHP )RU
H[DPSOH RQ WKH &DXVVH 0pMDQ )UDQFH GHPRJUDSKLF SUHVVXUH EHWZHHQ
WK DQG WK FHQWXU\ OHG WR DQ DFFHOHUDWLRQ LQ ODQG FOHDUDQFH DQG WKH
WHPSRUDU\ FXOWLYDWLRQ RI FHUHDO RQ SRRU UDQJHODQGV RIWHQ UHVXOWLQJ LQ DF
FHOHUDWHG HURVLRQ %\ WKH ODWH WK FHQWXU\ WKHUH ZDV SUDFWLFDOO\ QR IRUHVW
RQ WKH 0pMDQ 5XUDO HPLJUDWLRQ IURP WK &HQWXU\ RQ PDGH WKH 0pMDQ
DQG WKH VXUURXQGLQJ DUHD ORVH RYHU  RI LWV SRSXODWLRQ DQGPXFK RI LWV
DJULFXOWXUH DQG WH[WLOH LQGXVWU\ 2¶5RXUNH  7KHVH FKDQJHV FDQ EH
UHJDUGHG DV WKH FROODSVH RI WKH ROG V\VWHP DQG LQQRYDWLRQ FRXOG QRW EH
LQWURGXFHG LQWR WKH V\VWHP GXH WR H[WUHPH ORVV RI UHVRXUFHV %XW WKH ORVV
DOVR PDGH SRVVLEOH VSDFHV IRU WKH UHRUJDQLVDWLRQ RI WKH V\VWHP
:LWKLQ RQH V\VWHP WKHUH FDQ EH VXEV\VWHPV DW GLIIHUHQW VFDOHV HDFK
ZLWK LWV RZQ DGDSWLYH F\FOH 7KH VXEV\VWHPV DUH VHPLDXWRQRPRXV EXW
FURVVVFDOH LQWHUDFWLRQV GR RFFXU :DONHU HW DO 
 6ORZ YDULDEOHV
,W KDV ORQJ EHHQ REVHUYHG LQ HFRV\VWHPV WKDW SURFHVVHV DW ODUJH VFDOHV RI
WHQ RFFXU DW D VORZHU SDFHZKLOH VPDOOVFDOH LQWHUDFWLRQV KDYH D KLJKHU UDWH
RI RFFXUUHQFH 7KH ODUJHVFDOH SURFHVVHV DUH WKH FROOHFWLYH UHVXOW RI PDQ\
LQWHUDFWLRQV DW VPDOO VFDOHV WKXV WKH HIIHFW¶V GLVWULEXWLRQ LQ WKH KLHUDUFK\
WDNHV ORQJHU WR UHDFK KLJKHU OHYHOV RU ODUJHU VFDOHV 7KH FKDUDFWHULVWLFV RI
WKH ODUJH V\VWHP DUH WKHUHIRUH UHIOHFWHG LQ VRPH SURSHUWLHV¶ VORZ FKDQJH
2Q WKH RWKHU KDQG WKH FKDQJHV LQ ODUJHVFDOH V\VWHPV PD\ KDYH IHZ SUH

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GLFWLYH VLJQV DQG ZKHQ WKH\ WDNH SODFH DUH VXGGHQ DQG GUDPDWLF VRPH
WLPHV FDXVLQJ WKH V\VWHP WR ³IOLS´ WR DQRWKHU VWDWH ,W LV EHOLHYHG WKDW VXFK
³ELJ HIIHFWV IURP VPDOO FDXVHV´ &DUSHQWHU DQG 7XUQHU  S DUH
WKH FKDUDFWHULVWLF FRQVHTXHQFH RI FRXSOHG VORZIDVW F\FOHV LQ HFRV\VWHPV
7KH HVVHQFH RI WKH SKHQRPHQRQ LV WKDW IDVW SURFHVVHV DW VPDOOHU VFDOHV DUH
FKDQJLQJ VRPH SURSHUWLHV DW ODUJHU VFDOHV EXW RQO\ DW D YHU\ VORZ UDWH VR
WKDW FKDQJHV DUH QRW HDVLO\ REVHUYDEOH
7KHVH VORZO\ FKDQJLQJ SURSHUWLHV RIWHQ GLFWDWH WKH V\VWHP¶V IXQFWLRQV
DQG EHKDYLRXUV DW YDULRXV VFDOHV 7KH YDULDEOHV WKDW UHSUHVHQW WKHVH SURS
HUWLHV WKXV UHIOHFW WKH IXQGDPHQWDO FKDQJHV RI WKH V\VWHP DQG VHUYH DV D
PHDVXUHPHQW RI WKH V\VWHP¶V FXUUHQW VWDWH ,Q UHVLOLHQFH VWXGLHV VORZ YDUL
DEOHV GHWHUPLQH WKH SRVVLELOLW\ WKDW WKH V\VWHPPD\ VKLIW WR DQRWKHU VWDWH
7KHUHIRUH LI VORZ YDULDEOHV FDQ EH PHDVXUHG WKH\ FDQ SURYLGH D PHDVXUH
PHQW RI UHVLOLHQFH +RZHYHU VORZ YDULDEOHV WDNH VR ORQJ WR KDYH SHUFHLY
DEOH RU VLJQLILFDQW FKDQJH WKDW LQ PDQ\ HFRORJLFDO PRGHOV WKH\ DUH RIWHQ
WUHDWHG DV SDUDPHWHUV &DUSHQWHU DQG7XUQHU  'LUHFWPHDVXUHPHQW
RI FKDQJHV RI VORZ YDULDEOHV LQ PDQ\ FDVHV DUH LPSRVVLEOH
7KH FKDUDFWHULVWLFV RI VORZYDULDEOHV DOVRPDNH WKHPFDUULHUV DQG VWRUHV
RI D V\VWHP¶V PHPRU\ WKURXJKRXW KLVWRU\ ,Q WLPHV RI GLVWXUEDQFH DQG
IOXFWXDWLRQ DV ORQJ DV WKH V\VWHP¶V VORZYDULDEOHV DUH SHUVLVWHQW WKH FKDQJHV
RI IDVW YDULDEOHV DQG SURFHVVHV FDQ DOZD\V EH UHYHUVHG EHFDXVH WKH IXQGD
PHQWDO SURFHVVHV DUH VWLOO LQ SODFH ,W KDV EHHQ SRLQWHG RXW E\ VHYHUDO UH
VHDUFKHUV WKDW HFRV\VWHP PDQDJHPHQW VKRXOG IRFXV RQ SUHVHUYLQJ ³LQVWL
WXWLRQDO PHPRU\´ LQVWHDG RI GHDOLQJ ZLWK V\QGURPHV DQG VLQJOH YDULDEOHV
2OVVRQ  )RONH HW DO  7R GR VR LV FRQVLVWHQW ZLWK SUHVHUYLQJ
NH\ IXQFWLRQV DQG VWUXFWXUHV E\ PDLQWDLQLQJ VORZ YDULDEOHV

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 $VVHVVPHQW PHWKRGV
,Q WKH VWXG\ RI UHVLOLHQFH D PRGHO RI WKH V\VWHP RU LWV SURFHVVHV DQG
IXQFWLRQV LV RIWHQ D SUHUHTXLVLWH DQG D QHFHVVDU\ WRRO IRU IXUWKHU DVVHVV
PHQW 0RGHOV FDQ KHOS UHVHDUFKHUV LGHQWLI\ WKH V\VWHP¶V NH\ FRPSRQHQWV
DW WKH FRQFHSWLRQ VWHS RI VWXG\ DQG FDQ EH XVHG LQ WKH VXEVHTXHQW VWHSV
WR VLPXODWH WKHVH NH\ FRPSRQHQWV DQG KRZ WKH\ LQIOXHQFH WKH V\VWHP¶V
UHVLOLHQFH ,Q PDQ\ FDVHV HVWDEOLVKHG HFRORJLFDO PRGHOV FDQ EH XVHG LQ
UHVLOLHQFH DQDO\VLV DQG LGHQWLILFDWLRQ RI HFRV\VWHP IXQFWLRQV +RZHYHU
DV VRPH RI WKHVH PRGHOV DUH EDVHG RQ WKH HTXLOLEULXP DVVXPSWLRQ VRPH
PRGLILFDWLRQ PD\ EH UHTXLUHG EHIRUH WKH\ FDQ EH DGRSWHG 6XFK PRGL
ILFDWLRQV PD\ LQYROYH DGGLQJ ELIXUFDWLRQ SRLQWV LQ WKH PRGHO RU VHWWLQJ
FRQGLWLRQV ZKHUH WKH OLQHDU DVVXPSWLRQ LV QR ORQJHU YDOLG
6FDOH LV D GHILQLQJ FKDUDFWHU RI UHVLOLHQFHPRGHOV DV LW GHWHUPLQHVZKDW
SKHQRPHQD WR VWXG\ RU LJQRUH DQG WKH DSSOLFDELOLW\ RI DVVHVVPHQW UHVXOWV
6FDOH LQ UHVLOLHQFH VWXGLHV LV GHILQHG DV D VHULHV RI VSDWLDO DQG UDQJH IUH
TXHQFLHV ZKLFK GHILQH D ORZHU VFDOH EHORZ ZKLFK IDVWHU DQG VPDOOHU LQ
WHUDFWLRQV DUH WUHDWHG DV QRLVH DQG DQ XSSHU VFDOH DERYH ZKLFK VORZHU DQG
ODUJHU SURFHVVHV DUH WUHDWHG DV EDFNJURXQG 3HWHUVRQ HW DO  'LI
IHUHQW IURP PDQ\ HFRV\VWHP PRGHOV ZKLFK DVVXPH WKH VSHFLHV DQG LQ
WHUDFWLRQV H[LVW RQ D XQLIRUP VFDOH UHVLOLHQFH PRGHOV DWWHPSW WR DGGUHVV
LQWHUVFDOH SURFHVVHV DV /XGZLJ HW DO ¶V EXGZRUP UHVHDUFK VKRZV
LQ ZKLFK WKH OLQN EHWZHHQ ELUG SUHGDWLRQ RI ZRUPV DQG WKH VWDWH RI WKH
IRUHVW LV H[DPLQHG VKRZLQJ WKDW ELUG SUHGDWLRQ DW ORFDO VFDOH LPSDFWV WKH
YLDELOLW\ RI IRUHVW DW D ODUJHU VFDOH 3HWHUVRQ HW DO 
7KHPRGHOOLQJ DSSURDFK WR VWXG\LQJ UHVLOLHQFH LV XVXDOO\ LPSOHPHQWHG
E\ VWXG\LQJ NH\ YDULDEOHV VXFK DV SKRVSKRUXV LQ ODNHV &DUSHQWHU HW DO
 RU HFRV\VWHP LQWHUDFWLRQV VXFK DV JUDVVVKUXE FRPSHWLWLRQ ,W KDV
EHHQ DUJXHG E\ UHVLOLHQFH UHVHDUFKHUV WKDW WR UHSUHVHQW HFRV\VWHP PDQ
DJHPHQW PRGHOV VKRXOG DW OHDVW LQFRUSRUDWH D VRFLDO GLPHQVLRQ LQ ZKLFK

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DJHQWV DVVHVV WKH VWDWXV RI WKH V\VWHP DQG SRVVLEOH IXWXUH VWDWHV FRPSDUH
SRVVLEOH DFWLRQV DQG FKRRVH SROLFLHV WKDW PD\ DOWHU WKH V\VWHP DQG WKH
VFRSH RI FKRLFHV &DUSHQWHU HW DO  7KH PRGHOOLQJ RI VRFLDO LQWHUDF
WLRQV DQG SROLF\PDNLQJ SURFHVV FDQ EH YHU\ FRPSOLFDWHG EXW VXJJHVWV D
SRVVLEOH GLUHFWLRQ WR PRUH VRXQG VRFLRHFRORJLFDO V\VWHP UHVLOLHQFH PRG
HOOLQJ
7KH PHDVXUHPHQWV PDGH LQ PRGHOV DUH EDVHG RQ VL]HV RI EDVLQV RI DW
WUDFWLRQ GHULYHG IURP TXDVLVWHDG\ VWDWH DQDO\VHV 7KH VL]H RI WKH GRPDLQ
RI DWWUDFWLRQ PD\ EH GLIILFXOW RU LPSRVVLEOH WR PHDVXUH XQGHU ILHOG FRQGL
WLRQV +RZHYHU VXUURJDWH LQGLFDWRUV FDQ EH GHILQHG WKDW VKRXOG FKDQJH
PRQRWRQLFDOO\ ZLWK UHVLOLHQFH %LRSK\VLFDO VXUURJDWHV DUH RIWHQ EDVHG RQ
VORZO\ FKDQJLQJ YDULDEOHV 6RFLRHFRQRPLF VXUURJDWHV DUH UHODWHG WR WKH
IOH[LELOLW\ RI DJHQWV WR QHJRWLDWH ORFDO VROXWLRQV WR WKH SUREOHP DQG WKH H[
LVWHQFH RI LQFHQWLYHV WR LQFUHDVH UHVLOLHQFH :DONHU HW DO 
&DUSHQWHU HW DO  VXJJHVWHG XVLQJ VXUURJDWHV WR PHDVXUH UHVLO
LHQFH 7KH UHVLOLHQFH RI VRFLDOHFRORJLFDO V\VWHPV FDQ EH LQGLUHFWO\ LQ
IHUUHG IURP WKHVH VXUURJDWHV +RZHYHU WKH UHODWLRQVKLS EHWZHHQ UHVLO
LHQFH DQG DQ\ SDUWLFXODU VXUURJDWH PD\ EH G\QDPLF FRPSOH[ DQG PXO
WLGLPHQVLRQDO $ VXLWH RI VXUURJDWHV ZLOO EH QHHGHG WR UHSUHVHQW WKH NH\
IHDWXUHV RI UHVLOLHQFH IRU WKH SDUWLFXODU 6(6
7RGHWHUPLQH VXLWDEOH VXUURJDWHV ILUVWO\ RQH VKRXOGGHWHUPLQH WKH FHQ
WUDO SUREOHP RU WKH NH\ FRPSRQHQW RI WKH V\VWHP ZKLFK OHDGV WR WKH LGHQ
WLILFDWLRQ RI IRFDO YDULDEOHV DQG FRQGLWLRQV RI LQWHUHVW WKHQ WKH IHHGEDFN
SURFHVVHV DPRQJ FRPSRQHQWV RI WKH V\VWHP UHODWHG WR WKH FHQWUDO SUREOHP
VKRXOG EH LGHQWLILHG NQRZLQJ WKH JRDO DQG LQWHUDFWLRQV D V\VWHP PRGHO
FDQ EH IRUPHG ZKLFK VHUYHV DV WKH EDVH WR LGHQWLI\ UHVLOLHQFH VXUURJDWHV
%HQQHWW HW DO  7R HQVXUH WKDW WKH VXUURJDWHV DUH FRQVLVWHQW ZLWK
WKH UHVLOLHQFH RI WKH 6(6 WKH IROORZLQJ TXHVWLRQV VKRXOG EH DGGUHVVHG EH
IRUH LGHQWLI\LQJ VXUURJDWHV &DUSHQWHU HW DO 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 $UH WKH VXUURJDWHV FRQVLVWHQW ZLWK UHVLOLHQFH LQPRGHOOLQJ H[HUFLVHV"
 $UH WKH VXUURJDWHV FRQVLVWHQWZLWK ORQJWHUPREVHUYDWLRQV RI WKH 6(6"
 $UH WKH VXUURJDWHV FRQVLVWHQW LQ FRPSDULVRQV DFURVV 6(6V"
 ,Q FDVHV ZKHUH 6(6 KDYH FKDQJHG VXEVWDQWLDOO\ WKHUHE\ UHYHDOLQJ
WKUHVKROGV ZHUH WKH VXUURJDWHV FRQVLVWHQWZLWK WKH REVHUYHG FKDQJHV"
7KH DSSURDFKHV WR GHYHORSLQJ VXUURJDWHV PD\ LQFOXGH
 6WDNHKROGHU DVVHVVPHQWV
 0RGHO H[SORUDWLRQV
 +LVWRULFDO SURILOLQJ KLVWRU\ RI WKH 6(6 LV DVVHVVHG WR FODVVLI\ PRUH
RUOHVV GLVWLQFW G\QDPLF UHJLPHV DQG DQDO\VH HYHQWV GXULQJ WKH WUDQ
VLWLRQV
 &DVH VWXG\ FRPSDULVRQ
$ TXHVWLRQ UHPDLQV LQ WKLV DSSURDFK WKDW ZKHWKHU VXUURJDWHV FDQ UHS
UHVHQW WKH UHVLOLHQFH RI WKH V\VWHP ZLWK VRXQG VWDWLVWLFDO DQG HFRORJLFDO
PHDQLQJV 7KH DSSOLFDELOLW\ DQG FRPSDUDELOLW\ RI VXUURJDWHV IRU WKH VDPH
W\SH RI HFRV\VWHPV LQ GLIIHUHQW WHPSRUDO DQG VSDWLDO ORFDWLRQV LV DOVR TXHV
WLRQDEOH
$QRWKHU SDUDGLJP LQ WKH PHDVXUH RI UHVLOLHQFH LV VLPLODU WR WKH VXU
URJDWH DSSURDFK EXW ZLWK PHWKRGRORJLFDO GLIIHUHQFH LV WKH LGHQWLW\ DS
SURDFK VXJJHVWHG E\ &XPPLQJ HW DO  7KH\ DUJXH WKDW UHVLOLHQFH LV
HTXDWHG WR WKH DELOLW\ RI WKH V\VWHP WR PDLQWDLQ LWV LGHQWLW\ 7KH LGHQWLW\
LV H[SUHVVHG DV D VHW RI FRPSRQHQWV DQG UHODWLRQVKLSV DQG WKHLU FRQWLQXLW\
WKURXJK VSDFH DQG WLPH 7R LGHQWLI\ WKHVH FRPSRQHQWV DQG UHODWLRQVKLSV
PHDQV RQH FDQ SDUVH WKH V\VWHP LQWR D VHULHV RI HOHPHQWV WKXV WKH SURE
OHP FDQ EH WUDQVIRUPHG LQWR PHDVXULQJ D IHZ IRFDO YDULDEOHV WKDW UHIOHFW

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FKDQJHV LQ LGHQWLW\ 7KH UHVXOW REWDLQHG LV DPHDVXUH RI WKH V\VWHP¶V OLNHOL
KRRG RI D FKDQJH LQ LGHQWLW\ XQGHU ³FOHDUO\ VSHFLILHG FRQGLWLRQV DVVXPS
WLRQV GULYHUV DQG SHUWXUEDWLRQV´ &XPPLQJ HW DO  S :KDW
YDULDEOH WR PHDVXUH LV D VXEMHFWLYH FKRLFH DV &XPPLQJ HW DO DUJXHG WKDW
LW LV LPSRVVLEOH WR H[DPLQH DOO DVSHFWV RI D FRPSOH[ V\VWHP WR JDLQ XQ
GHUVWDQGLQJ RI DOO YDULDEOHV WKDW PD\ FRQWULEXWH WR WKH V\VWHP¶V LGHQWLW\
7KLV GRHV QRW PHDQ WKH YDULDEOHV WR PHDVXUH DUH GHWHUPLQHG DUELWUDULO\
RU SULRU WR WKH VWXG\ RI WKH VSHFLILF V\VWHP ZKLFK PD\ OHDG WR D FRQFOX
VLRQ WKDW ODUJHO\ GHSHQGV RQ WKH FKRLFH RI YDULDEOHV ,QVWHDG WKH FKRLFH
RI YDULDEOHV LV EDVHG RQ WKH GHILQLWLRQ RI WKH LGHQWLW\ RI WKH V\VWHP DQG HV
VHQWLDO DWWULEXWHV LGHDOO\ GHULYHG IURP VWDNHKROGHU JURXSV 7KHQ FULWLFDO
WKUHVKROGV RI WKHVH YDULDEOHV EH\RQG ZKLFK WKH V\VWHP ZLOO ORVH LWV LGHQ
WLW\ ZLOO EH GHWHUPLQHG 7KH QH[W VWHS LV WR HVWLPDWH HIIHFWV RI LQWHUQDO DQG
H[WHUQDO GULYHUV )LQDOO\ D IHZ DOWHUQDWLYH IXWXUH VFHQDULRV DUH FRQVLG
HUHG EDVHG RQ DQDO\VLV DERYH 7KLV DSSURDFK KDV EHHQ HPSOR\HG WR VWXG\
$PD]RQ IRUHVW V\VWHPV DQG WKH LPSDFW RI D PDMRU KLJKZD\ SURMHFW LQ WKLV
DUHD &XPPLQJ HW DO  7KH FRQWLQXLW\ RI ERWK HFRV\VWHP DQG VRFLDO
V\VWHP ZHUH FRQVLGHUHG DV WKH LGHQWLW\ RI WKH $PD]RQ IRUHVW V\VWHP 7KH
NH\ YDULDEOHV ZHUH IRUHVW FOHDULQJ KDUGZRRG VHHGOLQJ UHFUXLWPHQW DQG
WKH OHYHO RI WUDGLWLRQDO IRUHVW H[WUDFWLYLVP 7KH WKUHVKROGV ZHUH LGHQWLILHG
DFFRUGLQJO\ 7KH GULYHUV ZHUH URDG SDYLQJ DQG D VHULHV RI RWKHU SROLFLHV ,W
ZDV IRXQG WKDW WKH EHHI SULFH DQG GHPDQG IRU UXEEHU DV ZHOO DV VHHGOLQJ
UHFUXLWPHQW ZRXOG LQIOXHQFH WKH LGHQWLW\ RI WKH V\VWHP
7KLV DSSURDFK LV FRQVLVWHQW ZLWK WKH GHILQLWLRQ RI HFRORJLFDO UHVLOLHQFH
+RZHYHU LWV PHWKRGRORJ\ KDV D IHZ SRVVLEOH SLWIDOOV )LUVW RI DOO WKH LGHQ
WLW\ RI WKH V\VWHP LV GHWHUPLQHG E\ VWDNHKROGHU JURXSV DQG WKXV PD\ QRW
DGGUHVV VRPH XQGHUO\LQJ VWUXFWXUH RU FRPSRQHQWV WKDW DUH YLWDO WR WKH V\V
WHP¶V H[LVWHQFH DQG PD\ EH SURQH WR FDXVH VXUSULVH LQ VXEVHTXHQW PDQ
DJHPHQW 7KH HVWLPDWLRQ RI SUREDELOLW\ RI LGHQWLW\ FKDQJH LV EDVHG RQ D
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OLQHDU PHDVXUH RI YDULDEOHV DQG WKH LGHQWLILFDWLRQ RI WKUHVKROGV GRHV QRW
FRQVLGHU FRPELQHG FDXVH DQG HIIHFW ZKLOH PXOWLSOH FURVVVFDOH LQWHUDF
WLRQV PD\ EH WKH UHDO FDXVH RI ORVV RI LGHQWLW\ DQG UHVLOLHQFH *LYHQ WKHVH
SUREOHPV WKH DGYDQWDJH RI WKLV DSSURDFK LV WKDW FRPSOH[ DQG HUURUSURQH
V\VWHP PRGHOOLQJ DQG VHDUFK RI VORZ YDULDEOHV DUH DYRLGHG 7KH IRFXV
JURXS DSSURDFK DOORZV TXLFN LGHQWLILFDWLRQ RI NH\ DVSHFWV 7KHUHIRUH WKLV
DSSURDFK LV VXLWDEOH DV WKH LQLWLDO VWHS RI FRQWLQXDO DGDSWLYH PDQDJHPHQW
7KH VXUURJDWHV GLVFXVVHG DERYH DUH GLUHFW PHDVXUHV RI WKH V\VWHP¶V
SURSHUWLHV ,Q FRPSDULVRQ UHVLOLHQFH FDQ DOVR EH DVVHVVHG XVLQJ VXUUR
JDWHV WKDW LQGLUHFWO\ UHIOHFW WKH V\VWHP¶V IXQFWLRQDO FRPSOHWHQHVV ,W KDV
EHHQ DUJXHG WKDW LQ PDQ\ HFRV\VWHPV RQO\ D IHZ GRPLQDQW VSHFLHV DF
FRXQW IRU PRVW RI DEXQGDQFH 0DQ\ RWKHU PLQRU VSHFLHV KDYH VLPLODU
IXQFWLRQV WR WKH GRPLQDQWV EXW UHVSRQG WR HQYLURQPHQWDO FKDQJHV GLI
IHUHQWO\ 7KHUHIRUH LQ WLPHV RI FKDQJH ZKHQ WKH GRPLQDQW VSHFLHV GH
FOLQH RU DUH ORVW WKH PLQRU VSHFLHV ZLWK VLPLODU IXQFWLRQV FDQ FRPSHQVDWH
WKH V\VWHP¶V IXQFWLRQDO ORVV WKXV FRQWULEXWLQJ WR WKH V\VWHP¶V UHVLOLHQFH
:DONHU HW DO  +RZ WKHVH VSHFLHV DUH GLVWULEXWHG LQ WKH V\VWHP¶V
IXQFWLRQ VSDFH WKXV EHFRPHV D PHDVXUH RI UHVLOLHQFH 7KH ILUVW VWHS RI
DVVHVVPHQW LQYROYHV LGHQWLI\LQJ WKH IXQFWLRQV RI WKH V\VWHP 7KHQ WKH UH
VHDUFKHU H[DPLQHV HDFK VSHFLHV¶ IXQFWLRQV DQG VXPPDULVHV WKHP LQ WZR
SRVVLEOH ZD\V D WKH QXPEHU RI GLIIHUHQW IXQFWLRQ FRPELQDWLRQV LQ WKH
FRPPXQLW\ DQG E WKH VWDQGDUG GLVWDQFH WKH VSHFLHV DUH DSDUW LQ WKH
IXQFWLRQ VSDFH 'XH WR GLIIHUHQW PHDVXUHPHQW XQLWV DQG OLPLWHG XQGHU
VWDQGLQJ RI HFRV\VWHPV WKH PHDVXUHV RI IXQFWLRQDO DWWULEXWHV VKRXOG EH
WUDQVIRUPHG LQWR D QRUPDOLVHG VFDOH RU VFRUH 7KH GLVWDQFH RI WZR VSHFLHV
FDQ EH FDOFXODWHG XVLQJ D VHULHV RI GLIIHUHQW GLVWDQFH GHILQLWLRQV EXW XVX
DOO\ LQ HXFOLGHDQ GLVWDQFH
E D j k =
 I∑
i=1
(A i j −A i k )
2
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ZKHUH A i j DQG A i k DUH WKH DWWULEXWH YDOXHV RI VSHFLHV M DQG N IRU DWWULEXWH
L DQG , LV WKH WRWDO QXPEHU RI DWWULEXWHV LQ TXHVWLRQ ,Q RUGHU WR PDNH WKH
GLIIHUHQFH DQG VLPLODULW\ LQ IXQFWLRQ VSDFH HDVLHU WR LGHQWLI\ LW LV SRVVLEOH
WR RPLW WKH VTXDUH URRW LQ (TXDWLRQ 
E D j k =
 I∑
i=1
(A i j −A i k )
2
 
&RPELQLQJ WKH GLVWDQFHV IRU DOO VSHFLHV SDLUV JLYHV D PDWUL[ ZKRVH
VXP FDQ EH XVHG DV DQ LQGLFDWRU RI IXQFWLRQ GLYHUVLW\ DQG UHGXQGDQF\ IRU
WKH V\VWHP 7KH GLVWDQFH EHWZHHQ VSHFLHV FDQ EH XVHG LQ D FOXVWHU DQDO\
VLV WR WHOO ZKLFK VSHFLHV KDYH VLPLODU IXQFWLRQV $ IXUWKHU H[DPLQDWLRQ RI
VSHFLHV¶ UHVSRQVH WR GLVWXUEDQFH UHYHDOV WKH V\VWHP¶V UHVLOLHQFH $ QRWDEOH
IHDWXUH RI WKLV DSSURDFK LV WKDW LW GRHV QRW UHTXLUH WKH H[SOLFLW LGHQWLILFD
WLRQ RI VORZ YDULDEOHV DOWKRXJK DW WKH SULFH RI GHPDQGLQJ D UHVSRQVH DQDO
\VLV IRU HDFK VSHFLHV FRQFHUQHG WR HDFK SRVVLEOH GLVWXUEDQFH RU GLVDVWHU
,W LV DOVR SURQH WR LJQRULQJ VXUSULVH HYHQWV
7KHXQGHUVWDQGLQJ RI JUDVVODQG JUD]LQJKDV HYROYHG IURPDPRGHO EDVHG
RQ OLQHDU UHYHUVLEOH VXFFHVVLRQ WKURXJK UHFRJQLWLRQ RI K\VWHUHVLV HIIHFWV
LQ UHFRYHU\ WR WKH GHYHORSPHQW RIPXOWLVWDWHPRGHOV -DQVVHQ HW DO 
+RZHYHU WKHVH VWDWHWUDQVLWLRQPRGHOV DUH KDUG WR IRUPXODWH LQ UHWUDFWDEOH
IRUPV 3HUULQJV DQG :DONHU  DUJXH WKDW WKH GHWHUPLQDQWV RI QDWX
UDO YHJHWDWLRQ LQ VWDWHWUDQVLWLRQPRGHOV DUH KLJKO\ LQWHUDFWLYH ZLWK VPDOO
HYHQWV FDXVLQJ VWDWH FKDQJHV 7KXV WKH\ FODLP WKDWPDQDJHPHQW VKRXOG EH
³HYHQWGULYHQ´ 7KHLU PRGHO DGGUHVVHV WKH LPSDFW RI ILUH DQG UDLQIDOO DQG
HPSKDVLVHV WKH FRPSHWLWLRQ EHWZHHQ VKUXE DQG JUDVV 7KH DLP RI WKHLU
PRGHOOLQJ ZDV WR ILQG RSWLPDO SDWWHUQV RI VWRFNLQJ DQG EXUQLQJ WKURXJK
VROYLQJ D GLVFUHWH RSWLPLVDWLRQ SUREOHP XVLQJ WKH PRGHO
$QRWKHU DSSURDFK LV WR FRQVLGHU WKH JUDVVODQG WKH SDVWRUDOLVWV DQG
WKH SROLF\PDNHUV DV D FRPSOH[ DGDSWLYH V\VWHP -DQVVHQ HW DO 
2QH PHDQV RI VWXG\LQJ FRPSOH[ DGDSWLYH V\VWHPV LV DGDSWLYH DJHQW PRG
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HOV ZKLFK VLPXODWH D SRSXODWLRQ RI GLYHUVH DQG LQWHUDFWLQJ DJHQWV ,Q
WKH PRGHO WKH EHKDYLRXU RI LQGLYLGXDO DJHQWV OHDG WR HPHUJHQW SURSHUWLHV
DW KLJKHU OHYHOV ,Q -DQVVHQ HW DO ¶V PRGHOOHG UDQJHODQG V\VWHP
HFRORJLFDO DQG VRFLRHFRQRPLF VXEV\VWHPV DUH LGHQWLILHG 7KH HFRORJL
FDO PRGHO LV ERUURZHG IURP SUHYLRXV FRPSUHKHQVLYH PRGHOV ZKLOH WKH
VRFLRHFRQRPLF PRGHO GHVFULEHV WKH SROLF\ DQG LQVWLWXWLRQ HQYLURQPHQW
DQG WKH EHKDYLRXU RI SDVWRUDOLVWV $OWKRXJK VLJQLILFDQWO\ VLPSOLILHG VXFK
PRGHOV FDQ LOOXVWUDWH KRZ WKH PDQDJHPHQW SROLF\ LQIOXHQFHV WKH V\VWHP¶V
VWDWH DQG DJHQW¶V EHKDYLRXU &RPSDUHG WR WUDGLWLRQDO HFRORJLFDO PRGHOV
DQG RSWLPDO FRQWURO PRGHOV WKH DGDSWLYH DJHQW PRGHOV DOORZ PRUH SUR
IRXQG H[DPLQDWLRQ LQWR WKH GLIIHUHQW UHVXOWV RI SROLFLHV DQG KRZ SROLFLHV
HYROYH E\ LQFRUSRUDWLQJ DJHQWV DQG WKHLU EHKDYLRXUV LQWR WKH PRGHO
7KH VWDWHWUDQVLWLRQ PRGHOV DORQJ ZLWK PRUH WUDGLWLRQDO VXFFHVVLRQ
PRGHOV DUJXDEO\ ODFN VRPH VSDWLDO DQG WHPSRUDO FRQWH[W 6RPH UHVHDUFK
HUV DUJXH WKDW JLYHQ D ODUJHU VSDWLDO VFDOH RI GLVWXUEDQFH WKH V\VWHP ZLOO
DSSHDU DV D QRQHTXLOLEULXP RQH ZKLOH LQ H[WHQGHG WLPH IUDPH HYHQW
GULYHQ FKDQJHV EHFRPH FRQWLQXRXV HJ )ULHGHO HW DO  7R DGGUHVV
WKH QRQHTXLOLEULXP G\QDPLFV HTXLOLEULXPEDVHG VXFFHVVLRQ PRGHOV DUH
QRW VXIILFLHQW 1RYHO YHJHWDWLRQ G\QDPLF PRGHOV QRZDGD\V XVXDOO\ VXS
SRUW VLPXODWLRQ RI QRQHTXLOLEULXP SURFHVVHV 7KHVH PRGHOV DFKLHYH WKLV
E\ LQFOXGLQJ YHJHWDWLRQ SK\VLRORJ\ DQG ELRSK\VLFV YHJHWDWLRQ SKHQRORJ\
DQG QXWULHQW F\FOLQJ &UDPHU HW DO  PDQ\ RI ZKLFK FDQ EH LQFRUSR
UDWHG LQWR DWPRVSKHUHELRVSKHUH PRGHOV RU XVH WKHLU RXWSXWV 7KH PDLQ
SUREOHP ZLWK WKHVH PRGHOV LV WKDW WKHLU FRPSOH[LW\ KDV D QHJDWLYH HIIHFW
RQ FRPSXWDWLRQ HIILFLHQF\ DQG GHPDQGV VXEVWDQWLDO GDWD IURP PXOWLSOH
VRXUFHV 0RVW RI WKHVH PRGHOV DUH DSSOLFDEOH WR PDQ\ YHJHWDWLRQ IXQFWLRQ
JURXSV 7KRVH HPSKDVLVLQJ JUDVVODQG VLPXODWLRQ XVXDOO\ DOVR LQFRUSRUDWH
JUD]LQJ DQG RWKHU DQWKURSRJHQLF LQWHUDFWLRQV
,Q RUGHU WR VROYH WKH SUREOHP EURXJKW E\ G\QDPLF PRGHO¶V VXEVWDQ

&+$37(5  7+(25(7,&$/ $1'0(7+2'2/2*,&$/
%$&.*5281' 5(9,(:
WLDO GHPDQG RQ GDWD LQ WKH SDUDPHWHULVDWLRQ SURFHVV DV ZHOO DV UHSHDWHG
SDUDPHWHULVDWLRQ FDXVHG E\ KHWHURJHQHLW\ RI VWXG\ ORFDWLRQV VWRFKDVWLF
PRGHOV ZKLFK XVH VWDWLVWLFDO PHDQV WR GHVFULEH GDWD DUH SURSRVHG DQG
H[DPLQHG LQ YDULRXV VHWWLQJV WR SURYLGH D VLPSOLILHG \HW FUHGLEOH PHDQV WR
VLPXODWH YHJHWDWLRQ VWDWXV $Q H[DPSOH RI VXFK PRGHO LV WKH KHUEDJH SUR
GXFWLRQPRGHO GHYHORSHG E\ 7UQND HW DO  7KHPRGHO XWLOLVHV ZDWHU
DYDLODELOLW\ DQG VRODU UDGLDWLRQ GDWD IURP REVHUYDWLRQV DQG GHVFULEH WKHP
ZLWK VWDWLVWLFDO WHUPV 7KH LQWHUDFWLRQV EHWZHHQ ZHDWKHU ZDWHU DYDLODELO
LW\ DQG PDQDJHPHQW UHJLPHV DUH VLPXODWHG LQ WKH UHOLDEOH JUDVVODQG VWD
WLVWLFDO PRGHO *5$0 DQG UXQ ZLWK ERWK D SRO\QRPLDO UHJUHVVLRQ DQG
QHXUDO QHWZRUNV DSSURDFK )XUWKHUPRUH WKH *5$0 PRGHO ZDV FRXSOHG
ZLWK D VWDWLVWLFDO PHWHRURORJ\ PRGHO WR VLPXODWH KRZ ZHDWKHU FRQGLWLRQV
DQG GLVWXUEDQFH DIIHFW JUDVV SURGXFWLRQ 6WDWLVWLFDO PRGHOV DUH E\ GHVLJQ
FRQVLVWHQW ZLWK UHVLOLHQFH DVVHVVPHQW DV WKH\ VLPXODWH FKDQJHV DQG WUDQ
VLHQW FRQGLWLRQV DQG \LHOG UHVXOWV RQ KRZ WKH V\VWHP FRPSRQHQWV UHVSRQG
+RZHYHU IRU PRGHOV OLNH *5$0 GHVSLWH WKH IDFW WKDW GHWDLOHG SDUDP
HWHULVDWLRQ LV QR ORQJHU QHHGHG WKH SUREOHP LV WKDW LWV FDOLEUDWLRQ DQG
YHULILFDWLRQ FDQ RQO\ EH GRQH ZLWK H[SHULPHQWDO GDWD DQG WKH H[SHULPHQ
WDO SURFHVV KDV WR EH FDUULHG RXW HYHU\ WLPH WKH VWXG\ ORFDWLRQ LV FKDQJHG
7UQND HW DO  FDXVLQJ RWKHU GDWD UHTXLUHPHQWV %HVLGHV WKH UHS
UHVHQWDWLYHQHVV RI WKHVH H[SHULPHQWDO GDWD FDQQRW EH JXDUDQWHHG LQ VPDOO
VFDOH H[SHULPHQWV WKXV OHDGLQJ WR WKH TXHVWLRQ RI WKH PRGHO¶V DFFXUDF\
*LYHQ WKHVH GLIILFXOWLHV *5$0 SHUIRUPHG UHDVRQDEO\ ZHOO LQ (XURSHDQ
VHWWLQJV DQG ZDV WHVWHG XQGHU YDULRXV JUDVVODQG FRQGLWLRQV 6LPLODU VWD
WLVWLFDO PRGHOV PD\ DOVR EH XVHG LQ VHPLDULG JUDVVODQG HQYLURQPHQWV
$QRWKHU GLUHFWLRQ RI PRGHOOHUV¶ HIIRUWV LV LQ PRGHOV WKDW XVH UHPRWHO\
VHQVHG GDWD 7KH DELOLW\ RI UHPRWH VHQVLQJ PHDQV WR FROOHFW VXUIDFH GDWD
IURPDYDVW DUHD SDUWO\PHHWV WKH UHTXLUHPHQW RI VRPHG\QDPLF RU VWRFKDV
WLF PRGHOV WR REWDLQ ODUJH DPRXQWV RI GDWD LQ SDUDPHWHULVDWLRQ DQG FDOL

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EUDWLRQ +RZHYHU LW VKRXOG EH QRWHG WKDW UHPRWHO\VHQVHG GDWD QHHG FDO
LEUDWLRQ DQG YDOLGDWLRQ WKHPVHOYHV $QG LW LV VWLOO GLIILFXOW WR REWDLQ ERWK
YHJHWDWLRQ DQG VRLO GDWD LQ H[DFWO\ WKH VDPH FRQGLWLRQV GXH WR WKH IDFW WKDW
VHQVRUV IRU WKHVH GDWD DUH XVXDOO\ RQ GLIIHUHQW SODWIRUPV HDFK ZLWK WKHLU
RZQ RUELW SDVVLQJ WLPH DQG REVHUYDWLRQ DQJOHV 7KXV WKHVH PRGHOV RIWHQ
IRFXV RQ YHJHWDWLRQ¶V DERYH JURXQG ELRPDVV DQG FRYHU ZLWK OHVV DWWHQ
WLRQ RQ VRLO FRQGLWLRQV 8VXDOO\ WKHVH PRGHOV DUH PRUH XVHG LQ ODQG FRYHU
DQDO\VLV DQG FKDQJH GHWHFWLRQ RI YHJHWDWLRQ¶V DERYH JURXQG FRYHU )RU
H[DPSOH WKH 6DKHOLDQ 7UDQVSLUDWLRQ (YDSRUDWLRQ DQG 3URGXFWLRQ 67(3
PRGHO LV FRXSOHG ZLWK D UDGLDWLYH WUDQVIHU PRGHO ZKLFK XWLOLVHV UDGDU
EDVHG UHPRWHO\ VHQVHGGDWD WR SURYLGH LQIRUPDWLRQ RQKHUEDFHRXV ELRPDVV
DQG ZDWHU DYDLODELOLW\ LQ YHJHWDWLRQ DQG VRLO -DUODQ HW DO  0DQJLD
URWWL HW DO  ,Q DUHDV ZLWK UHODWLYHO\ OLWWOH FKDQJH LQ VRLO FRQGLWLRQV
LW LV XVHIXO WR XWLOLVH WKHVH UHPRWH VHQVLQJEDVHG PRGHOV WR DFKLHYH IDVW
PRGHO GHYHORSPHQW
 5HPRWH VHQVLQJ DV D PHDQV RI FROOHFW
LQJ UHVLOLHQFH GDWD
5HPRWH VHQVLQJ KDV EHHQ GHILQHG DV ³WKH SUDFWLFH RI GHULYLQJ LQIRUPDWLRQ
DERXW WKH HDUWK¶V ODQG DQG ZDWHU VXUIDFHV XVLQJ LPDJHV DFTXLUHG IURP DQ
RYHUKHDG SHUVSHFWLYH XVLQJ HOHFWURPDJQHWLF UDGLDWLRQ >@ UHIOHFWHG RU
HPLWWHG IURP WKH HDUWK´ &DPSEHOO  S ,Q SUDFWLFH WKH FRQFHSW
RI UHPRWH VHQVLQJ FRYHUV REVHUYDWLRQ IURP YDULRXV SODWIRUPV DOWKRXJK
VDWHOOLWH UHPRWH VHQVLQJ LV VWLOO RQH RI WKH GRPLQDQW DQG IDVWGHYHORSLQJ
EUDQFKHV ,Q HFRORJLFDO DQG HQYLURQPHQWDO VWXGLHV LW LV RIWHQ GHVLUDEOH WR
REWDLQ GDWD IURP D ODUJH DUHD RU GDWD ZLWKLQ D VSDWLDO FRQWH[W 'XH WR WKH
DGYDQWDJH RI WKH UHPRWH VHQVLQJ DSSURDFK WKHVH VWXGLHV RIWHQ GLUHFWO\ RU
LQGLUHFWO\ XWLOLVH UHPRWHO\ VHQVHG GDWD 'ULYHQ E\ VWXG\ QHHGV WKH VFLHQFH
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DQG WHFKQRORJ\ EHKLQG UHPRWH VHQVLQJ KDV SURJUHVVHG LQ UHFHQW GHFDGHV
DOORZLQJ PRUH VRSKLVWLFDWHG DQG FUHDWLYH DSSOLFDWLRQV
7KH VWXG\ RI VRFLDOHFRV\VWHP UHVLOLHQFH UHTXLUHV D PHDQV RI KROLVWLF
DVVHVVPHQW DQG WKH DELOLW\ RI REVHUYLQJ IDVW FKDQJLQJ SKHQRPHQD :LWK
D FDUHIXOO\ GHVLJQHG PHWKRGRORJ\ UHPRWH VHQVLQJ FDQ KHOS PHHW WKHVH
UHTXLUHPHQWV DQG FDQ EHFRPH DQ LPSRUWDQW DVVHVVPHQW DQG PRQLWRULQJ
WRRO $OWKRXJK LW LV QRW SUDFWLFDO WR GLUHFWO\ REVHUYH UHVLOLHQFH ZLWK UHPRWH
VHQVLQJ LW LV SRVVLEOH WR REVHUYH ODQGVFDSH SDWWHUQV FKDQJHV DQG UHVWRUD
WLRQ RI VXUURJDWHV DQG YXOQHUDELOLW\ WKURXJK UHPRWH VHQVLQJ 6RPH RI WKH
WHFKQLTXHV DQG H[DPSOHV RI DSSOLFDWLRQV DUH UHYLHZHG EHORZ
 $9+55 VHQVRUV DQG SODWIRUPV
7KH DVVHVVPHQW RI UHVLOLHQFH FDQ WDNH SODFH DW YDULRXV VFDOHV $FFRUG
LQJO\ D UDQJH RI SODWIRUPV DQG VHQVRUV ZLWK YDU\LQJ VSDWLDO VSHFWUDO DQG
WHPSRUDO UHVROXWLRQV FDQ EH XVHG ,Q WKLV VHFWLRQ RQH RI WKH PRVW FRP
PRQ JHQHUDO VHQVRUV QDPHO\ $GYDQFHG 9HU\ +LJK 5HVROXWLRQ 5DGLRPH
WHU $9+55 VHULHV DUH GLVFXVVHG
2QH RI WKH PRVW FRPPRQO\ HPSOR\HG JHQHUDOSXUSRVH UHPRWH VHQV
LQJ SODWIRUPV LV WKH 1DWLRQDO 2FHDQLF DQG $WPRVSKHULF $GPLQLVWUDWLRQ
12$$ VHULHV RI VDWHOOLWHV ZLWK WKH$9+55VHQVRUV RQERDUG 7KH$9+55
ZDVGHVLJQHG WR REVHUYH FORXG FRYHU DQG VXUIDFH WHPSHUDWXUH DW ILUVW +RZ
HYHU LW ZDV QRW ORQJ EHIRUH WKH GDWD DUH XVHG IRU YHJHWDWLRQ UHPRWH VHQVLQJ
7KH ILUVW $9+55 ZDV D FKDQQHO UDGLRPHWHU FDUULHG RQ WKH 7,5261
VDWHOOLWH DQG ZDV ODXQFKHG LQ 2FWREHU  /DWHU LQ -XQH  $9+55
ZLWK  FKDQQHOV ZDV FDUULHG RQ WKH 12$$ VDWHOOLWH 7KH ODVW LQVWUXPHQW
LV $9+55 ZLWK  FKDQQHOV DQG ZDV FDUULHG RQ WKH 12$$ ODXQFKHG
LQ0D\  1DWLRQDO 6DWHOOLWH 6HUYLFHV'LYLVLRQ  7KH$9+55SUR
YLGHV FRPSOHWH FRYHUDJH IURP SROH WR SROH &DPSEHOO  7KH W\SLFDO
VSDWLDO UHVROXWLRQ DW QDGLU LV  km 7KH EDQGV XVHG E\ WKH WKUHH $9+55

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7DEOH  $9+55 &KDQQHO &KDUDFWHULVWLFV &UDFNQHOO  1DWLRQDO
6DWHOOLWH 6HUYLFHV 'LYLVLRQ  QXPEHUV DUH ZDYHOHQJWKV LQ PL
FURPHWUH µm
&KDQQHO 12$$  

12$$  
   
12$$ 

7\SLFDO 8VH
  ±   ±   ±  'D\WLPH
FORXG DQG
VXUIDFH
PDSSLQJ
  ±   ±   ±  /DQGZDWHU
ERXQGDULHV
$ 1$ 1$  ±  6QRZ DQG LFH
GHWHFWLRQ
%  ±   ±   ±  1LJKW FORXG
PDSSLQJ
VHD VXUIDFH
WHPSHUDWXUH
  ±   ±   ±  1LJKW FORXG
PDSSLQJ
VHD VXUIDFH
WHPSHUDWXUH
 &KDQQHO  UH
SHDWHG
 ±   ±  6HD VXUIDFH
WHPSHUDWXUH
VHQVRUV DQG WKHLU YHKLFOHV DUH OLVWHG LQ 7DEOH 
$9+55 GDWD DUH DPRQJ WKH PRVW H[WHQVLYH DQG FRQVLVWHQW GDWD VH
ULHV UHPRWH VHQVLQJ FDQ SURYLGH +RZHYHU UDZ GDWD DQG ORZOHYHO GDWD
JHQHUDOO\ QHHG SURFHVVLQJ DJDLQVW WKH HIIHFWV RI DWPRVSKHUH DQG VRODU UD
GLDWLRQ FRQGLWLRQV 7KH SURGXFWLRQ RI PRUH WKRURXJKO\ SURFHVVHG GDWD
UHTXLUHV D ODUJH DPRXQW RI VXSSOHPHQWDU\ GDWD DQG LQWHQVLYH FRPSXWD
WLRQ DQG FDQ WDNH PRQWKV 7KH OHYHOV RI $9+55 GDWD LQFOXGH $XWRPDWLF
3LFWXUH 7UDQVPLVVLRQ $37 UHDG GLUHFWO\ E\ JURXQG VWDWLRQV *OREDO $UHD
&RYHUDJH *$& +LJK 5HVROXWLRQ 3LFWXUH 7UDQVPLVVLRQ +537 DQG /R
FDO $UHD &RYHUDJH /$& ZLWK*$& DQG/$&GHULYHG IURP$37 DQG+537
UHVSHFWLYHO\ $VLGH IURP WKHVH WKHUH DUH DOVR WKLUGSDUW\ GHULYHG GDWD
VHWV VXFK DV 3DWKILQGHU *OREDO ,QYHQWRU\ 0RGHOLQJ DQG 0DSSLQJ 6WXG
LHV *,006 GDWD VHW DQG WKH )RXULHU$GMXVWHG 6HQVRU DQG 6RODU ]HQLWK
DQJOH FRUUHFWHG LQWHUSRODWHG 5HFRQVWUXFWHG )$6,5 GDWD VHW
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7KH$9+55YHKLFOHV RUELW URXQG WKH HDUWK DERXW  WLPHV SHU GD\ ZLWK
D VZDWK RI DERXW  km ZLGH 7KH DGYDQWDJHV RI $9+55 GDWD DQG LWV
GHULYDWLYH SURGXFWV WKXV LQFOXGH KLJK WHPSRUDO UHVROXWLRQ KLJK FRQVLV
WHQF\ RI LPDJHV ZHOOGHYHORSHG FRUUHFWLRQ SURFHGXUHV DQG SROHWRSROH
JOREDO FRYHUDJH 7KH VSDWLDO UHVROXWLRQ LV VXLWDEOH IRU LWV RULJLQDO SXUSRVH
RI REVHUYLQJ ODUJH ZHDWKHU V\VWHPV DV ZHOO DV IRU HFRV\VWHP PRQLWRULQJ
DOWKRXJK LQWHUDFWLRQV WDNLQJ SODFH LQ D VPDOOHU VSDFHZRXOG QHHG ILQHU UHV
ROXWLRQ
 'HULYLQJ 1'9, DQG PHWHRURORJLFDO GDWD IURP
$9+55 LPDJHU\
,Q RUGHU WR TXDQWLWDWLYHO\ VWXG\ YHJHWDWLRQ FRYHU IURP UHPRWH VHQVLQJ LP
DJHU\ D PHDVXUHPHQW RI YHJHWDWLRQ FRYHU DQG VWDWH LV QHHGHG 7KH YHJH
WDWLRQ LQGH[ LV DQ DQVZHU WR WKLV QHHG 7KH DVVXPSWLRQ RQ ZKLFK YHJHWD
WLRQ LQGLFHV DUH EDVHG LV WKDW GLIIHUHQW VXUIDFHV DQG YHJHWDWLRQ LQ GLIIHU
HQW VWDWHV KDYH YDU\LQJ UHVSRQVHV LQ PXOWLVSHFWUDO UHPRWH VHQVH LPDJHU\
7KHUHIRUH VRPH DULWKPHWLFDO FRPELQDWLRQ RI VSHFWUDO EDQGV VKRXOG EH
DEOH WR UHYHDO LQIRUPDWLRQ DERXW YHJHWDWLRQ VWUXFWXUH DQG WKH VWDWH RI YHJ
HWDWLRQ ,W KDV EHHQ QRWHG WKDW YHJHWDWLRQ JHQHUDOO\ KDV KLJK UHIOHFWDQFH LQ
QHDULQIUDUHG ZDYHOHQJWK DQG ORZ UHIOHFWDQFH LQ UHG ZDYHOHQJWK )LJXUH
 WKXV WKH GLIIHUHQFH EHWZHHQ LQIUDUHG DQG UHG UHIOHFWDQFH FDQ EH FRQ
VLGHUHG WR EH D ³VLJQDWXUH´ RI YHJHWDWLRQ FRYHU 0RUHRYHU WKH H[WHQW RI WKH
GLIIHUHQFH FDQ VHUYH DV LQGLFDWRUV RI WKH GHQVLW\ RI WKH FRYHU DQG KHDOWK RI
YHJHWDWLRQ /LDQJ  $V D UHVXOW D VHULHV RI YHJHWDWLRQ LQGLFHV XWLOLVH
LQIUDUHG DQG UHG UHIOHFWDQFH
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)LJXUH  $ W\SLFDO UHVSRQVH FXUYH RI YHJHWDWLRQ 1RWH ORZ UHIOHFWDQFH QHDU  µm UHG DQG KLJK UHIOHFWDQFH DW  ±  µm QHDU
LQIUDUHG ZDYHOHQJWKV $GDSWHG IURP 0F&R\ 
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$PRQJ WKHVH LQGLFHV WKH1RUPDOL]HG'LIIHUHQFH9HJHWDWLRQ ,QGH[ 1'9,
LV RQH RI WKH HDUOLHVW DQG YHU\ ZLGHO\ XVHG LQ YDULRXV DSSOLFDWLRQV ,W KDV
EHHQ FRQVLGHUHG DV D JRRG LQGLFDWRU RI YDULRXV YHJHWDWLRQ SDUDPHWHUV LQ
FOXGLQJ JUHHQ OHDI DUHD LQGH[ /$, ELRPDVV SHUFHQW JUHHQ FRYHU DQG
JUHHQ ELRPDVV SURGXFWLRQ $Q\DPED DQG 7XFNHU  )RU JUDVVODQGV
WKH GHYHORSPHQW RI FDQRS\ DQG SKRWRV\QWKHWLF DFWLYLWLHV DUH JHQHUDOO\ LQ
V\QFKURQ\ DQG 1'9, SURYLGHV FORVH HVWLPDWHV RI DERYHJURXQG QHW SUL
PDU\ SURGXFWLYLW\ $133 3DUXHOR HW DO  7KHUHIRUH 1'9, LV D VXLW
DEOH LQGLFDWRU RI JURXQG YHJHWDWLRQ JURZWK RQ JUDVVODQGV DOWKRXJK WKH
LPSDFW RI VRLO PD\ EH ODUJHU LQ VRPH DUHDV ,W LV HDV\ WR LPSOHPHQW DQG
FDOFXODWH DQG FDQ EH HIIHFWLYH LQ VLWXDWLRQV LQ ZKLFK WKH FDQRSLHV DUH QHL
WKHU WRR VSDUVH QRU WRR GHQVH 1'9, LV GHILQHG DV
LQIUDUHG UHIOHFWDQFH− UHG UHIOHFWDQFH
LQIUDUHG UHIOHFWDQFH+ UHG UHIOHFWDQFH 
DQG LQ WKHRU\ KDV D UDQJH RI  WR  /LDQJ  &KDQQHO  DQG  RI
$9+55 VHQVRU DUH LQ WKH YLVLEOH DQG QHDULQIUDUHG UDQJHV RI VSHFWUXP
ZLWKRXW RYHUODSSLQJ 7XFNHU HW DO  ZKLFK LPSOLHV WKDW $9+55 LP
DJHU\ FDQ EH XVHG WR GHULYH 1'9, FDOFXODWLRQV
$9+55GHULYHG JOREDO ODQG VXUIDFH 1'9, GDWDVHWV LQFOXGH WKH 12$$
*OREDO 9HJHWDWLRQ ,QGH[ *9, .LGZHOO  WKH 1$6$ $9+55 /DQG
3DWKILQGHU $/3 NP UHVROXWLRQ GDWDVHW , DQG ,, 0F0DQXV HW DO 
2XDLGUDUL HW DO  WKH *OREDO ,QYHQWRU\ 0RQLWRULQJ DQG 0RGHOLQJ
6\VWHP *,006 GDWDVHW 7XFNHU HW DO  DQG )RXULHU$GMXVWHG 6HQ
VRU DQG6RODU ]HQLWK DQJOH FRUUHFWHG ,QWHUSRODWHG 5HFRQVWUXFWHG )$6,5
1'9,GDWDVHW /RV HW DO  7KHVH GDWDVHWV¶ DWWULEXWHV DUH VXPPDULVHG
LQ 7DEOH 

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7DEOH  &RPSDULVRQ RI VRPH $9+55 1'9, GDWDVHWV
1DPH 6SDWLDO UHVROXWLRQ 7HPSRUDO UHVROXWLRQ 7HPSRUDO FRYHUDJH 1RWHV
)LUVW *HQHUDWLRQ
*9,
 km 'DLO\ :HHNO\ 0D\  ± $SULO 
6HFRQG *HQHUD
WLRQ *9,
 ±  km :HHNO\ $SULO  ± 3UHVHQW 6FDQ DQJOH FRUUHF
WLRQ DQG ORRNXS
WDEOH FRUUHFWLRQ
7KLUG *HQHUDWLRQ
*9,
 ◦ :HHNO\ $SULO  ± 3UHVHQW :LWK TXDOLW\
FORXG GDWD IRU HDFK
FHOO
$/3 , 	 ,,  km 'DLO\GD\ FRP
SRVLWH
-XO\  ± 3UHVHQW $/3 ,, KDV ZDWHU
YDSRU FRUUHFWLRQ
*,006  km GD\ ELPRQWKO\
FRPSRVLWH
-XO\  ± 3UHVHQW GD\ FRPSRV
LWH IRU $IULFD DUH
DYDLODEOH
)$6,5  ◦ GD\ FRPSRVLWH -DQXDU\  ± 'HFHP
EHU 
&RUUHFWHG IRU VR
ODU ]HQLWK DQJOH
RXWOLHU YDOXHV
DQG ODQG FRYHU
FODVVLILFDWLRQ

&+$37(5  7+(25(7,&$/ $1'0(7+2'2/2*,&$/
%$&.*5281' 5(9,(:
*,006 DQG )$6,5 GDWDVHWV KDYH XQGHUJRQH YDULRXV FDOLEUDWLRQ DQG
FRUUHFWLRQ SURFHVV DQG DGGUHVV PRVW RI WKH LVVXHV LQ $9+55 GDWD WKHUH
IRUH WKH SURFHVVLQJ RI WKH WZR GDWDVHWV LV EULHIO\ UHYLHZHG *,006 ZDV
SURGXFHG E\ LQJHVWLQJ $9+55 OHYHOE GDWD ZKLFK FRQWDLQ JHRSK\VLFDO
FDOLEUDWLRQ IRU LQIUDUHG DQG QHDULQIUDUHG FKDQQHOV DQG JHRORFDWLRQ LQ
IRUPDWLRQ *RRGUXP HW DO  $OWKRXJK $9+55 FRYHUV D ZLGH VZDWK
RI ODQG LQ RQH SDVV RQO\ GDWD ZLWK VFDQ DQJOHV<± ◦ ZHUH XVHG WR UHGXFH
GLVWRUWLRQ LQ WKH JHRPHWU\ RI WKH LPDJHV 7KH SL[HO YDOXHV ZHUH IRUZDUG
PDSSHG WR WKH RXWSXW ELQ PHDQLQJ WKH ORFDWLRQ RI PHDVXUHPHQWV ZDV
GHWHUPLQHG E\ WKH ORFDWLRQ RI RXWSXW ELQV /LDQJ  RI HTXDO DUHD JULG
FHOOV
7KH GDWD WKHQ XQGHUZHQW D VHULHV RI FDOLEUDWLRQ DQG FRUUHFWLRQ SUR
FHVVHV 8VLQJ WKH RUELWDO PRGHO RI $9+55 FDUULHUV ZLWK WKH VDWHOOLWH RQ
ERDUG FORFN DQG RUELWDO HOHPHQWV DV LQSXW WKH SRVLWLRQ RI WKH VDWHOOLWH DQG
WKH VXQWDUJHWVHQVRU JHRPHWU\ FDQ EH FDOFXODWHG IRU JHRPHWULF FRUUHFWLRQ
7XFNHU HW DO  7KH HIIHFW RI RUELWDO GULIW RI VRPH 12$$ VDWHOOLWHV
ZDV DOVR DGGUHVVHG 7KH KLJKHVW 1'9, YDOXH FDOFXODWHG IRU HDFK SL[HO XV
LQJ GDWD FROOHFWHG LQ KDOI D PRQWK ZDV XVHG DV WKH UHSUHVHQWDWLYH YDOXH
LQ WKH ELPRQWKO\ FRPSRVLWH LPDJHV %\ GRLQJ VR VRPH LQIOXHQFH RI FORXG
DQG DHURVRO RQ 1'9, YDOXHV PD\ EH UHPRYHG %XW WKH FRQVWDQW LPSDFW
RI VHQVRUV DQG DHURVRO FDQQRW EH UHPRYHG E\ VXFK PHDQV 7XFNHU HW DO

7KH FRPSRVLWH LPDJHV ZHUH WKHQ PDQXDOO\ FKHFNHG IRU LWV JHRPHW
ULF DFFXUDF\ E\ FRPSDULVRQ ZLWK FRDVWOLQH UHIHUHQFH IRU HYHU\ FRQWLQHQW
7XFNHU HW DO  ,I DQ\ LQFRQVLVWHQF\ ODUJHU WKDQ  SL[HO ZDV LGHQWL
ILHG WKH GDLO\ LPDJHV LQYROYHG LQPDNLQJ WKH FRPSRVLWH ZHUH LQYHVWLJDWHG
DQG WKH RQHV ZLWK VXFK HUURU LGHQWLILHG ,I WKH HUURU FDQQRW EH DGMXVWHG
WKH LPDJH IURP WKDW GD\ KDG WR EH GLVFDUGHG 7KH HPSW\ YDOXHV EDG VFDQ
OLQHV DQG VWUDQJH YDOXHV ZHUH PRVWO\ FRUUHFWHG

&+$37(5  7+(25(7,&$/ $1'0(7+2'2/2*,&$/
%$&.*5281' 5(9,(:
7KH UDGLRPHWULF FDOLEUDWLRQ ZDV GRQH LQ GLIIHUHQW ZD\V IRU ROG DQG
QHZHU 12$$ VDWHOOLWHV )RU 12$$ WKURXJK 12$$ $9+55 FKDQ
QHO  DQG  GDWD ZHUH ILUVWO\ LQWHUFDOLEUDWHG XVLQJ KLJK DOWLWXGH >  km
EULJKW FORXGV DV ³ZKLWH´ WDUJHWV DQG FDOLEUDWHG XVLQJ RIIQDGLU  ◦ ± 
◦ GHHS RFHDQ UDGLDQFH WR UHPRYH DHURVRO HIIHFWV 7KH QHW VLJQDO LQ FKDQ
QHO  ZDV WKHQ XVHG WR UHPRYH 5DOHLJK VFDWWHULQJ LQ FKDQQHO  7KH HIIHFW
RI WKHVH VWHSV ZDV DQ DEVROXWH FDOLEUDWLRQ IRU ERWK FKDQQHOV 9HUPRWH DQG
.DXIPDQ  )RU 12$$ DQG  WKH SUHIOLJKW FDOLEUDWLRQ SDUDPH
WHUV IRU FKDQQHO  DQG ZHUH XVHG 7KH1'9, GDWD GHULYHG ZDV WKHQ LQWHU
FDOLEUDWHG ZLWK 1'9, WLPH VHULHV GHULYHG IURP LPDJHV WDNHQ E\ )UHQFK /H
6\VWqPH SRXU O¶2EVHUYDWLRQ GH OD 7HUUH 6327 PHDQLQJ (DUWK 2EVHUYD
WLRQ 6\VWHP ZKLFK KDG EHHQ DGMXVWHG WR PDWFK 12$$ 1'9, UHVXOWV
%\ GRLQJ VR WKH 12$$ DQG  UHVXOWV ZHUH OLQNHG ZLWK 12$$ UH
VXOWV 7KLV ZDV QHFHVVDU\ GXH WR WKH IDFW WKDW 12$$ DQG ¶V LQVWUX
PHQWV ZHUH QRW OLQHDUO\ DGMXVWHG WR PDWFK SUHYLRXV LQVWUXPHQWV 7XFNHU
HW DO 
7KH DWPRVSKHULF FRUUHFWLRQ PDLQO\ FRQVLVWHG RI FRUUHFWLRQ IRU (O &KL
FKRQ DQG 0W 3LQDWXER YROFDQLF DHURVRO HIIHFWV 7KH FRUUHFWLRQ ZDV GRQH
IRU LPDJHV WDNHQ LQ WKH SHULRGV IURP $SULO  WKURXJK 'HFHPEHU 
DQG IURP -XQH  WKURXJK 'HFHPEHU  &ORXG VFUHHQLQJ ZDV GRQH
XVLQJ $9+55 FKDQQHO  WKHUPDO GDWD 0D[LPXP YDOXH FRPSRVLWLQJ
ZDV FRQVLGHUHG WR EH DEOH WR PLQLPLVH DWPRVSKHULF DQG GLUHFWLRQDO UH
IOHFWDQFH HIIHFWV 'XH WR ODFN RI GDWD H[SOLFLW FRUUHFWLRQ IRU WKHVH HIIHFWV
FRXOG QRW EH GRQH EXW WKH GDWD SURGXFHU VXJJHVWHG GRLQJ VR LQ WKH IXWXUH
7XFNHU HW DO 
,Q VXPPDU\ *,006 GDWDVHWV KDYH XQGHUJRQH ERWK UHODWLYH DQG DE
VROXWH FDOLEUDWLRQ DFFXUDWHO\ UHJLVWHUHG WR JHRJUDSKLF ORFDWLRQV DQG FRU
UHFWHG IRU WKH FKDQJH RI RUELW DQGPDMRU DWPRVSKHULF HIIHFWV )$6,5GDWDVHWV
XVHG *,006 GDWD DV WKHLU SULPDU\ GDWD VRXUFH EXW LQFRUSRUDWHG ODQG

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FRYHU FODVVLILFDWLRQ LQIRUPDWLRQ WR DGGUHVV ELRPH GHSHQGHQFLHV DQG SD
UDPHWHUV LQ WKH 1'9, FRUUHFWLRQV /RV HW DO  )$6,5 GDWDVHWV DOVR
XVHG )RXULHU DGMXVWPHQW WR LGHQWLI\ DQG FRUUHFW RXWOLHU YDOXHV DQG VKRUW
WHUP DWPRVSKHULF DHURVROV 7KH *,006 DQG )$6,5 GDWDVHWV LQFOXGH FRU
UHFWLRQV IRU VRODU ]HQLWK DQJOH DQG YLHZLQJ DQJOH %RWK*,006DQG)$6,5
GDWDVHWV DUH FRQVLGHUHG VXLWDEOH IRU HQYLURQPHQWDO FKDQJH VWXGLHV HJ
$QJHUW HW DO  %RQGHDX HW DO  DV WKH\ SURYLGH UHODWLYHO\ ORQJ
UHFRUGV RI1'9, FKDQJHVZLWK FRQVLGHUDEOH FRQVLVWHQF\ 7KH RWKHU GDWDVHWV
VXFK DV *9, DQG $/3 DUH DOVR ZLGHO\ XVHG EXW ZKHQ VWXG\LQJ ORQJWHUP
FKDQJHV PRUH ZRUN QHHGV WR EH GRQH WR HQVXUH WKHLU FRQVLVWHQF\ DQG VWD
ELOLW\ HJ 'L DQG +DVWLQJV  3ULQFH DQG *RZDUG 
 (YDOXDWLQJJUDVVODQGYHJHWDWLRQ VWDWH IURP1'9,
LPDJHU\
7KH FKDQJHV LQ YHJHWDWLRQ JURZWK DQG FDQRS\ VWUXFWXUH DUH RIWHQ UHIOHFWHG
LQ WKH FKDQJHV RI 1'9, YDOXHV EHFDXVH WKH ZDWHU RU FKORURSK\OO FRQWHQW
LQ WKH SODQW LV FKDQJHG 7KHUHIRUH 1'9, LPDJHV FDQ EH XVHG WR DVVHVV WKH
FRQGLWLRQ RI YHJHWDWLRQ LI D UHODWLRQ EHWZHHQ DQ LQGLFDWRU RI YHJHWDWLRQ
SKHQRORJ\ DQG 1'9, YDOXHV FDQ EH HVWDEOLVKHG &DPSEHOO  S
1'9, KDV EHHQ FRPPRQO\ XVHG WR HVWLPDWH YHJHWDWLRQ ELRPDVV DQG
QDWXUDO SULPDU\ SURGXFWLYLW\ 6WXGLHV KDYH LGHQWLILHG D SRVLWLYH UHODWLRQ
VKLS EHWZHHQ 1'9, GHULYHG IURP $9+55 LPDJHV DQG HLWKHU ELRPDVV RU
DERYHJURXQG QHW SULPDU\ SURGXFWLYLW\ $133 ,Q D VWXG\ E\ 3DUXHOR
HW DO  WKH DQQXDOO\ LQWHJUDWHG 1'9, DQG $133 ZHUH IRXQG WR KDYH
D VLJQLILFDQW DQG SRVLWLYH UHODWLRQVKLS LQ JUDVVODQG DUHDV ZLWK D PHDQ DQ
QXDO SUHFLSLWDWLRQ EHWZHHQ  DQG  mm DQG PHDQ DQQXDO WHPSHU
DWXUH EHWZHHQ  ◦C DQG  ◦C ,W PXVW EH SRLQWHG RXW WKDW WKH UHODWLRQ
VKLS EHWZHHQ 1'9, DQG $133 LV QRW OLQHDU RYHU WKH UDQJH RI $133 1'9,
FDQ EH LQIOXHQFHG E\ UHIOHFWDQFH IURP WKH VRLO LQ ELRPHV ZLWK ORZ $133

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7KH VLJQDO IURP YHJHWDWLRQ PD\ EH LQGLVWLQJXLVKDEOH IURP WKRVH IURP WKH
EDFNJURXQG ,I $133 LV KLJK WKH 1'9, UHVSRQVH PD\ EH VDWXUDWHG ZLWK
OLWWOH 1'9, JDLQ LI $133 LQFUHDVHV *UDVVODQG KDV $133 YDOXHV EHWZHHQ
WKHVH H[WUHPHV DQG PD\ EH WKH PRVW VXLWDEOH ELRPHV WR GHULYH HVWLPD
WLRQV RI $133 IURP 1'9, GDWD 3DUXHOR HW DO 
$VLGH IURPGLUHFW HVWLPDWLRQ RI$133EDVHG RQ1'9, YDOXHV DQG JURXQG
PHDVXUHPHQW 1'9, GDWD FDQ DOVR EH XVHG WR HVWLPDWH DEVRUEHG SKRWR
V\QWKHWLF DFWLYH UDGLDWLRQ $3$5 ZKLFK LV D XVHIXO FRPSRQHQW LQ PRGHOV
WKDW FDOFXODWH $133 *DPRQ HW DO  IRXQG WKDW ERWK 1'9, DQG 6LP
SOH 5DWLR RI QHDU LQIUDUHG UHIOHFWDQFH WR UHG UHIOHFWDQFH DUH QHDU OLQHDUO\
FRUUHODWHG ZLWK $3$5 RYHU D ZLGH UDQJH RI FDQRS\ GHQVLWLHV 0D[LPXP
GDLO\ SKRWRV\QWKHVLV UDWH LV SRVLWLYHO\ FRUUHODWHGZLWK1'9, LQPRVW JUDVV
ODQG DQG VHPLGHFLGXRXV VKUXEV EHFDXVH WKHLU FDQRS\ GHYHORSPHQW DQG
SKRWRV\QWKHVLV DUH LQ V\QFKURQ\ *DPRQ HW DO 
1'9, LPDJHU\ LV RIWHQ XVHG WR VWXG\ WKH SKHQRORJ\ RI GHFLGXRXV DQG
JUDVVODQG YHJHWDWLRQ 7KHVH YHJHWDWLRQ W\SHV KDYH D ³JUHHQXS´ SURFHVV
DW WKH EHJLQQLQJ RI WKHLU JURZLQJ VHDVRQ DQG WXUQ \HOORZ DW WKH HQG RI WKH
JURZLQJ VHDVRQ %\ ORRNLQJ DW WKH FXUYH RI WKHLU 1'9, IOXFWXDWLRQ DQQXDO
WUHQGV RI VXGGHQ LQFUHDVH DQG GHFUHDVH RI 1'9, YDOXHV FDQ EH LGHQWLILHG
7KHVH WUHQGV DUH FRQVLGHUHG WR EH WKH LQGLFDWRU RI WKH SODQW¶V SKHQRORJ\
SDWWHUQV 5HPRWH VHQVLQJ DOVR HQDEOHV WKH UHVHDUFKHUV WR VWXG\ WKH VSDWLDO
SDWWHUQV RI SKHQRORJ\ YDULDWLRQV DQG OLQN WKHPZLWK RWKHU VSDWLDO SDUDP
HWHUV VXFK DV WRSRJUDSK\ DQG SUHFLSLWDWLRQ /HH HW DO 
7KH LQIOXHQFH RI (O 1LxR/D 1LxD SKHQRPHQD LV RIWHQ SURQRXQFHG
LQ WKH IRUP RI FKDQJH RI SUHFLSLWDWLRQ 6XFK FKDQJHV LI WKH\ FRLQFLGH
ZLWK YHJHWDWLRQ¶V JURZLQJ SHULRG FDQ KDYH VLJQLILFDQW HIIHFWV RQ REVHUYHG
1'9, YDOXHV ,Q GLIIHUHQW DUHDV (O 1LxR/D 1LxD KDYH YDU\LQJ HIIHFWV RQ
SUHFLSLWDWLRQ 7KXV WKH\ DOVR FDXVH LQFUHDVH RU GHFUHDVH LQ 1'9, GLIIHU
HQWO\ 7KH HIIHFW RI (O 1LxR/D 1LxD PD\ DOVR EH FRPELQHG ZLWK WKDW RI

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PRQVRRQV :HLVV HW DO 
 5HPRWH VHQVLQJRI VSDWLDO SDWWHUQVDQGFKDQJHV
7KH RFFXUUHQFH DQG GLVWULEXWLRQ RI GLVWXUEDQFHV DUH RIWHQ UHJDUGHG DV LQ
GLFDWRUV RI D V\VWHP¶V VWDWH DQG UHVLOLHQFH 7KHUHIRUH LQ UHVLOLHQFH VWXGLHV
LW LV FRPPRQ WR H[DPLQH VSDWLDO SDWWHUQV RI GLVWXUEDQFH DQG GHULYH PHD
VXUHPHQWV RI UHVLOLHQFH EDVHG RQ LWV GHILQLWLRQ %HFDXVH GLJLWDO UHPRWHO\
VHQVHG LPDJHU\ FDQ EH GLUHFWO\ H[SUHVVHG DV D JULG RI YDOXHV DQG FDQ EH
WUDQVIRUPHG LQWRPHDQLQJIXO LQGLFDWRUV VXFK DV1'9, UHPRWH VHQVLQJ KDV
PDGH VXFK SDWWHUQ VWXGLHVPRUH HIILFLHQW 7KH GHVFULSWLRQ RI SDWWHUQ FKDU
DFWHULVWLFV LV DOVR IDFLOLWDWHG E\ FRPELQLQJ UHPRWH VHQVLQJ LPDJHU\ ZLWK
VWDWLVWLFV VRIWZDUH SDFNDJHV
2QH DSSURDFK WR VWXG\LQJ SDWWHUQV DQG FKDQJHV LV EDVHG RQ WKH LGHD
RI ODQGVFDSH VWDWHV DQG WKUHVKROGV EH\RQG ZKLFK D VWDWH WUDQVLWLRQ ZLOO
WDNH SODFH 7KLV LQYROYHV ILUVW HVWDEOLVKLQJ FULWHULD RI VWDWHV DQG YXOQHU
DELOLW\ 7KH SURFHVV WDNLQJ SODFH LQ WKH ODQGVFDSH LV XQGHUVWRRG WKURXJK
ILQHUVFDOH REVHUYDWLRQV ZLWK WKH LVVXH RI KHWHURJHQHLW\ DGGUHVVHG E\ FRQ
VWUXFWLQJ D KLHUDUFKLFDO PXOWLYDULDWH VWUXFWXUH RI UHJLRQV $Q DGHTXDWH
HFRV\VWHPPRGHO WKDW FDQ GHVFULEH WKHPHFKDQLVPV VKRXOG EHPDWFKHG WR
WKH V\VWHP %DVHG RQ WKH HFRV\VWHPPRGHO DQG D VWDWHWUDQVLWLRQ GHVFULS
WLRQ RI WKH V\VWHP YDULRXV VWDWHV DQG WKHLU FRUUHVSRQGHQW PHDVXUHPHQWV
PD\ EH LGHQWLILHG DFFRUGLQJ WR WKH FULWHULD DQG WKUHVKROGV )LQGLQJ WKH LQ
GLFDWRU LV VHOGRP VWUDLJKWIRUZDUG EXW LW LV DUJXHG WKDW JLYHQ WKH PDQDJH
PHQW JRDO DQG WKH ULJKW HFRV\VWHP PRGHO WKH LQGLFDWRUV GHULYHG FDQ GH
VFULEH GLIIHUHQFHV LQ WKH OLNHOLKRRG RI HFRV\VWHP UHVSRQVHV %HVWHOPH\HU
HW DO  7KH FROOHFWLRQ RI LQGLFDWRU YDOXHV FDQ EH GRQH WKURXJK UH
PRWH VHQVLQJ IRU WKH DUHD 7KH KLHUDUFKLFDO ODQGVFDSH UHJLRQV FDQ WKHQ
EH UHFRJQLVHG DV D KLHUDUFKLFDO PRVDLF RI VWDWHV 7KH ³VWDWH PDS´ WKHQ
SURYLGHV DQ H[SOLFLW LOOXVWUDWLRQ RI ULVNV RI GHWHULRUDWLRQ DQG UHVWRUDWLRQ

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FRQVWUDLQWV 7KH VFDOH RI VWDWHPRVDLFV DOVR JLYHV D KLQW RQ WKH VFDOH RI SUR
FHVVHV 7R IXOO\ XQGHUVWDQG WKH IRUP RI VWDWH PRVDLFV D VRFLDOHFRORJLFDO
PRGHO VKRXOG EH FRPELQHG WR WKH VWDWHWUDQVLWLRQ PRGHO DQG WKH PRWLYHV
RI LQGLYLGXDO ODQG XVHUV VKRXOG EH XQGHUVWRRG %HVWHOPH\HU HW DO 
$IWHU WKHVH VWHSV WKH VRFLDO DQG HFRORJLFDO WKUHVKROG IRU HDFK VWDWH PRVDLF
PD\ EH LGHQWLILHG DQG WKH UHJLRQ¶V UHVLOLHQFH DVVHVVHG
7R VXFFHVVIXOO\ DSSO\ WKLV DSSURDFK WKH UHVHDUFKHU QHHGV WR REWDLQ YDU
LRXV ODQGVFDSH GDWD VXFK DV ODQG XVHFRYHU W\SHV HQHUJ\ DQGZDWHU GLVWUL
EXWLRQ DV ZHOO DV YHJHWDWLRQ VWDWH DQG RWKHU JUDGLHQWV ,W LV QRW SRVVLEOH WR
DGRSW D UHJLRQDO YLHZ RI WKH V\VWHP DQG DYRLG D SRLQWEDVHG YLHZ LI UHPRWH
VHQVLQJ LV QRW HPSOR\HG LQ GDWD FROOHFWLRQ $QG D UHJLRQDO SHUVSHFWLYH LV
D SUHUHTXLVLWH WR HVWDEOLVK D PHDQLQJIXO PRVDLF RI VWDWHV
$QRWKHU DSSURDFK LV LQVSLUHG E\ WKH LGHD WKDW KXPDQ DFWLRQV DQG GLV
WXUEDQFHV GHWHUPLQH WKH FRQVWUDLQWV LPSRVHG RQ VPDOOHU VRFLRHFRORJLFDO
V\VWHPV E\ ODUJHU RQHV =XUOLQL HW DO  ,W LV EHOLHYHG WKDW FKDQJHV LQ
KXPDQ DFWLRQV DQG GLVWXUEDQFHV FDQ OHDG WR WKH FKDQJH LQ WKH VWUXFWXUH
DQG G\QDPLFV RI WKH HQWLUH VRFLRHFRORJLFDO V\VWHP WKXV LW LV GHVLUDEOH WR
PHDVXUH DQG PRQLWRU WKH GLVWXUEDQFHV LI WKH UHVHDUFKHU ZDQWV WR DVVHVV
WKH V\VWHP¶V UHVLOLHQFH :KDW FRQVWLWXWHV GLVWXUEDQFH LV DJDLQ GHSHQGHQW
RQ WKH PDQDJHPHQW JRDO ,Q VRPH FLUFXPVWDQFHV WKH GLVWXUEDQFH FDQ
EH PHDVXUHG E\ UHPRWH VHQVLQJ ,Q RUGHU WR DGGUHVV FURVVVFDOH HIIHFWV
RI GLVWXUEDQFH D VFDODEOH PRYLQJZLQGRZ PHWKRG LV RIWHQ LPSOHPHQWHG
,Q D VWXG\ RI D VRXWKHUQ ,WDOLDQ FURSZRRGODQG VRFLRHFRORJLFDO V\VWHP
1'9, YDOXHV ZHUH XVHG DV DQ LQGLFDWRU RI GLVWXUEDQFH DQG WKH PRYLQJ
ZLQGRZ PHWKRG ZDV HPSOR\HG =XUOLQL HW DO  7KH UHVHDUFKHUV GH
ILQHG GLVWXUEDQFH DV D VWDQGDUGLVHG GLIIHUHQFH LQ 1'9, YDOXHV EH\RQG D
JLYHQ SHUFHQWDJH EHWZHHQ WZR GLIIHUHQW WLPHV DW WKH VDPH ORFDWLRQ DV WKH
GLIIHUHQFH ZDV FRQVLGHUHG WR UHIOHFW GHWHFWDEOH FKDQJHV LQ ODQG XVH RU ODQG
FRYHU $URXQG HDFK SL[HO LQ WKH UHPRWHO\ VHQVHG 1'9, LPDJH D VHW RI 

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ZLQGRZV ZLWK GLIIHUHQW VL]HV IURP × WR × SL[HOV ZDV HVWDEOLVKHG
:LWKLQ HDFK ZLQGRZ WKH SURSRUWLRQ RI GLVWXUEHG SL[HO 3G DQG DGMDFHQF\
RI GLVWXUEDQFH 3GG ZHUH FDOFXODWHG 7KHVH WZRPHDVXUHPHQWV RI ZLQ
GRZ VL]HV FRPSULVHG WKH GLVWXUEDQFH SURILOH IRU D ORFDWLRQ 8VLQJ FOXV
WHU DQDO\VLV ORFDWLRQV ZLWK VLPLODU SURILOH FRXOG EH LGHQWLILHG ZKLOH WKH
FOXVWHUHG PDS FRXOG EH FRPSDUHG ZLWK NQRZQ VSDWLDO SDWWHUQV WR LGHQWLI\
SRVVLEOH OLQNV EHWZHHQ VSDWLDO GLVWULEXWLRQ DQG UHVLOLHQFH ,I DOO FRPELQD
WLRQV RI 3G DQG 3GG ZHUH GUDZQ RQ D VFDWWHU SORW WKH UHVHDUFKHUV IRXQG
WKDW WKH\ WHQG WR DSSHDU LQ DQ HOOLSVH ZLWK WKH OLQH 3G  3GG DV LWV PDLQ
D[LV =XUOLQL HW DO  7KXV WKH UHVHDUFKHUV DUJXH WKDW DUHDV ZLWK KLJK
3G DQG 3GG DUH OHVV UHVLOLHQW DQG UHVLOLHQFH FDQ EH DWWULEXWHG WR GLIIHU
HQW W\SHV RI GLVWXUEDQFH SURILOHV ([DPLQLQJ WKH JHRJUDSKLF FRUUHODWLRQ
RI GLVWXUEDQFH SURILOHV WKXV KHOSV WKHP XQGHUVWDQG KRZ ODQG XVH W\SHV
DQG PDQDJHPHQW SUDFWLFHV DIIHFW UHVLOLHQFH LQ WKH DUHD 7KH FKDQJH RI 3G
DQG 3GG ZLWK ZLQGRZ VL]H LOOXVWUDWHV PXOWLVFDOH SDWWHUQV RI GLVWXUEDQFH
DQG FDQ JLYH KLQWV DERXW WKH XQGHUO\LQJ GULYHU RI GLVWXUEDQFH 7KLV DS
SURDFK SURYLGHV D WDQJLEOH PHDVXUHPHQW RI IUDJLOLW\ ZKLFK UHIOHFWV VRPH
LQWULQVLF IDFWRUV RI UHVLOLHQFH ,W DOVR LOOXVWUDWHV KRZ UHVLOLHQFH FDQ FKDQJH
VSDWLDOO\ ZLWK SUHVVXUHV DQG UHVLVWDQFHV
0RUH FRPPRQO\ LQ PDQ\ VWXGLHV UHVLOLHQFH LQGLFDWRUV DUH FRQVLG
HUHG HTXLYDOHQW WR DQ LQGLFDWRU WKDW FDQ EH GLUHFWO\ GHULYHG IURP WKH UH
PRWHO\ VHQVHG LPDJH VXFK DV YHJHWDWLRQ LQGLFHV )RU H[DPSOH %DXP
DQG *HUPLQR  REVHUYHG PRGLILHG VRLODGMXVWHG YHJHWDWLRQ LQGH[
06$9,2 FKDQJH IURP /DQGVDW LPDJHU\ DQG IRXQG WKDW UHFXUULQJ GLVWXU
EDQFH LQFUHDVHV WKH VHQVLWLYLW\ RI VWHSSH WR FKDQJHV LQ SUHFLSLWDWLRQ ZKLFK
LQ HVVHQFH LV HTXDO WR UHGXFLQJ WKH VL]H RI GRPDLQ RI DWWUDFWLRQ WKHUHIRUH
UHGXFLQJ UHVLOLHQFH $ VLPLODU PHWKRGRORJ\ LV XVHG E\ RWKHU UHVHDUFKHUV
'HVSLWH LWV LQWXLWLYHQHVV WKLV PHWKRGRORJ\ GRHV QRW FRQVLGHU WKH VRFLDO
IDFWRU ZKLFK LV DQ LQVHSDUDEOH SDUW RI WKH V\VWHP QRU GRHV LW DGGUHVV WKH

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VSDWLDO SUHVHQWDWLRQ RI KXPDQ LQIOXHQFH VXFK DV ODQG XVH W\SHV $V D UH
VXOW LW EULQJV FHUWDLQ ELDVHV LQWR WKH DQDO\VLV XQOHVV WKH V\VWHP LQ TXHVWLRQ
LV WRWDOO\ ³XQGLVWXUEHG´ ZKLFK LV D UDUH DQG TXHVWLRQDEOH SKHQRPHQRQ
%HVLGHV WKLV DSSURDFK DOVR OHDGV WR WKH SRVVLELOLW\ WKDW WKH UHVHDUFKHU DQG
WKHPDQDJHU PD\ EH DFWXDOO\ ORRNLQJ DW HQJLQHHULQJ UHVLOLHQFH UDWKHU WKDQ
HFRORJLFDO UHVLOLHQFH 7KH SDWWHUQV DQG FKDQJHV REVHUYHG E\ UHPRWH VHQV
LQJ LQ UHVLOLHQFH VWXGLHV VKRXOG QRW RQO\ EH ELRSK\VLFDO EXW DOVR VRFLR
HFRORJLFDO

&KDSWHU 
0HWKRGRORJ\
,Q RUGHU WR DVVHVV WKH UHVLOLHQFH RI WKH DUHD LQ TXHVWLRQ WKH DQQXDO SDW
WHUQ RI YHJHWDWLRQ LQGH[ DQGQHW SULPDU\ SURGXFWLYLW\ZHUH LGHQWLILHG IURP
UHPRWHO\ VHQVHG LPDJHU\ 7KHQ WKH SDWWHUQV RI GLVWXUEDQFH ZHUH LGHQWL
ILHG DQG DQDO\VHG $ FRQFHSWXDO PRGHO SURYLGHG LQIRUPDWLRQ RQ WKH FRP
SRQHQWV DQG LQWHUDFWLRQV RI WKH V\VWHP DQG KRZ WKH\ DUH LQIOXHQFHG E\
WKH GLVWXUEDQFHV 7KH NQRZOHGJH ZDV XVHG LQ WKH GHVLJQ DQG SDUDPH
WHULVDWLRQ RI D G\QDPLF PRGHO ZKLFK VLPXODWHG JUDVVODQG SURGXFWLYLW\¶V
FKDQJH ZLWK FRQVLGHUDWLRQ RI LPSDFWV RI SROLF\ FKDQJHV RQ UHVLOLHQFH
 'DWD VRXUFHV
 5HPRWHO\ VHQVHG GDWD
7KH UHPRWH VHQVLQJ GDWD XVHG LQ WKH VWXG\ LV PDLQO\ 1'9, GDWD GHULYHG
IURP $9+55 VDWHOOLWH LPDJHV $9+55 GDWD LV DYDLODEOH LQ YDULRXV IRU
PDWV ZLWK GLIIHUHQW GHJUHHV RI SURFHVVLQJ DQG VSDWLDOWHPSRUDO UHVROX
WLRQ +RZHYHU WKH GDWD GLUHFWO\ REWDLQDEOH IURP 12$$ 8QLWHG 6WDWHV
GR QRW DGGUHVV YDULRXV DWPRVSKHULF HIIHFWV QRU GR WKH\ DGGUHVV WKH LQ
FRQVLVWHQFLHV GXH WR LQVWUXPHQW¶V GHJUDGDWLRQ DQG FKDQJH WKURXJKRXW WKH
WLPH VHULHV UHQGHULQJ FRPSDULVRQ DQG IXUWKHU DQDO\VLV GLIILFXOW 7R FRU

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UHFW WKHVH LQFRQVLVWHQF\ LQYROYHV XVLQJ FRPSOLFDWHG PRGHOV DQG LV QRW
LQFOXGHG LQ WKH VFRSH RI WKH VWXG\ 7KXV GDWDVHWV GHULYHG IURP $9+55
/$& GDWD ZHUH XVHG
7KH GDWDVHWV FRQVLGHUHG LQ WKH VWXG\ LQFOXGHG WKH )RXULHU$GMXVWHG
6HQVRU DQG6RODU ]HQLWK DQJOH FRUUHFWHG ,QWHUSRODWHG 5HFRQVWUXFWHG )$6,5
DGMXVWHG1'9,GDWDVHW SURYLGHGE\ WKH ,QWHUQDWLRQDO 6DWHOOLWH /DQG6XUIDFH
&OLPDWRORJ\ 3URMHFW ,QLWLDWLYH ,, 'DWD $UFKLYH ,6/6&3 ,, ZKLFK FRYHUV
GDWD FROOHFWHG IURP  WR  /RV HW DO  DQG WKH *OREDO ,QYHQ
WRU\ 0RGHOLQJ DQG 0DSSLQJ 6\VWHP *,006 KDOIPRQWKO\ FRPSRVLWH
1'9, GDWD 7XFNHU HW DO  ZKLFK ZDV REWDLQHG IURP WKH *OREDO /DQG
&RYHU )DFLOLW\ */&) cook5**rrr)g\i_^jq`m)jmb 8QLYHUVLW\ RI 0DU\
ODQG FRYHULQJ GDWD FROOHFWHG IURP WR  7KH)$6,5GDWDVHW FDQ EH
FRQVLGHUHG DV GHULYHG IURP*,006GDWDVHW DQG LQFRUSRUDWLQJ )RXULHU DG
MXVWPHQW WR DGGUHVV WKH RFFXUUHQFH RI 1'9, RXWOLHUV ZLWK H[WUHPHO\ KLJK
YDOXHV 7KH SURFHVV WR GHULYH WKH )$6,5 GDWD VHW LQYROYHV UHVDPSOLQJ WKH
GDWD IURP km UHVROXWLRQ WR ◦ RU ◦ $V D UHVXOW WKH VSDWLDO UHVROX
WLRQ RI )$6,5 LV ORZHU WKDQ WKDW RI *,006 km +RZHYHU D FRPSDU
LVRQ VKRZHG WKDW LQ WKLV DUHD WKH )$6,5 GDWDVHW GRHV QRW KDYH DQ DGYDQ
WDJH RYHU *,006 RU RWKHU GDWDVHWV LQ WHUPV RI UHPRYLQJ H[WUHPH YDOXHV
*,006 RQ WKH RWKHU KDQG SURYLGHV EHWWHU WHPSRUDO FRYHUDJH WKDQ WKH
)$6,5 GDWDVHW DQG EHWWHU VSDWLDO UHVROXWLRQ ZKLFK DUH IDYRXUDEOH LQ WLPH
VHULHV DQDO\VLV 7KHUHIRUH WKH VWXG\ FKRVH WKH *,006 GDWDVHW
 4XDOLWDWLYHGHVFULSWLRQV VWDWLVWLFV DQGSULPDU\
NQRZOHGJH IURP ILHOGZRUN
7KH GHVFULSWLRQ RI 7LEHWDQ QRPDGLF SDVWRUDOLVP PDLQO\ FDPH IURP DF
FRXQWV RI JHRJUDSKHUV DQG DQWKURSRORJLVWV VXFK DV *ROGVWHLQ DQG %HDOO
 DQG 0LOOHU E ZKR KDYH OLYHG ZLWK 7LEHWDQ SDVWRUDOLVWV GXU
LQJ WKHLU VWXG\ 7KHLU GHVFULSWLRQ RI WKH SDVWRUDOLVWV¶ OLIH FRQIRUP WR WKH UH
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VHDUFKHU¶V H[SHULHQFH 7KH KLVWRULFDO DFFRXQW RI WKH DUHD ZDVPDLQO\ FRP
SRVHG IURP YDULRXV VRXUFHV VXFK DV 6WHLQ  DQG*UXQIHOG  ZKR
PDLQO\ VWXGLHG WKH DUHD XVLQJ DUFKLYHV DQG OLWHUDWXUH 7KH UHVHDUFKHU DOVR
DFFXPXODWHG VRPH REVHUYDWLRQDO GDWD DQG DQHFGRWHV IURP KLV H[SHULHQFH
WUDYHOOLQJ LQ 7LEHW DQG OLYLQJ ZLWK 7LEHWDQ SDVWRUDOLVWV 6XFK LQIRUPDWLRQ
ZDV FULWLFDO LQ WKH PDNLQJ RI FRQFHSWXDO PRGHOV
7KH UHVHDUFKHU WUDYHOOHG LQ WKH 7$5 LQ  DQG  DQG LQ 4LQJ
KDL 3URYLQFH RQ WKH QRUWKHUQ 7LEHWDQ 3ODWHDX LQ  :KLOH WKH WULS LQ
 ZDV IRU PRXQWDLQHHULQJ H[FOXVLYHO\ WKH  DQG  WULSV IR
FXVHG RQ LQYHVWLJDWLQJ SDVWRUDOLVP LPSDFWV RQ WKH HQYLURQPHQW DQG WKH
UHIRUP RI SDVWRUDOLVP RQ WKH SODWHDX 7KH  WULS ZDVPDGH GXH WR FRQ
FHUQ IRU WKH VDLG JUDVVODQG GHJUDGDWLRQ GXH WR RYHUJUD]LQJ LQ WKH VRXUFH
DUHD RI &KLQD¶V PDMRU ULYHUV 7KH  WULS ZDV LQ WKH LQWHUHVW WR REVHUYH
WKH FKDQJHV FDXVHG E\ WKH FRQVWUXFWLRQ RI WKH 4LQJKDL7LEHW 5DLOZD\ DQG
LWV SRWHQWLDO LQ DOWHULQJ WKH RXWORRN RI WKH VRFLDOHFRQRPLF FRQGLWLRQV RI
WKH DUHD ,Q ERWK WULSV WKH UHVHDUFKHU DQG KLV WHDPPDWHV FRQGXFWHG LQWHU
YLHZV XVLQJ GHVLJQHG TXHVWLRQDLUHV ZLWK YDULRXV VWDNHKROGHUV LQFOXGLQJ
SDVWRUDOLVWV PHUFKDQWV PLQHUV DQG JRYHUQPHQW RIILFLDOV ,Q WKH 
WULS WKH UHVHDUFKHU DOVR KDG WKH RSSRUWXQLW\ WR OLYH ZLWK D UHODWLYHO\ ZHOO
WRGR SDVWRUDO IDPLO\ FRQGXFW XQVWUXFWXUHG LQWHUYLHZV DQG H[SHULHQFH
WKH SDVWRUDOLVWV¶ OLIH $OO LQWHUYLHZV ZHUH FRQGXFWHG LQ DQ RYHUW PDQQHU
VRPHWLPHV LQ WKH FRPSDQ\ RI DQ JRYHUQPHQW RIILFLDO DV WKH LQWHUSUHWHU
,Q WKH REVHUYDWLRQ RI WKH ORFDO HQYLURQPHQW WKH UHVHDUFKHU DOVR LGHQWL
ILHG WKH TXDOLWDWLYH HIIHFW RI SUHFLSLWDWLRQ WKH UHFRYHU\ RI JUDVVODQG DI
WHU GURXJKW DQG WKH LPSDFW RI WKH SRSXODWLRQ IOXFWXDWLRQ RI SODWHDX SLND
2FKRWRQD FXU]RQLDH 7KH ZD\V LQ ZKLFK ORFDO SHRSOH DQG JRYHUQPHQW
PDQDJH SDVWXUH UHVRXUFHV ZHUH DOVR REVHUYHG DQG UHFRUGHG 7KH XQGHU
VWDQGLQJ JDLQHG LQ WKH WZR WULSV ZDV WKH IRXQGDWLRQ RI WKH FRQFHSWXDO
PRGHO GLVFXVVHG LQ 6HFWLRQ 

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6RPH JHQHUDO VWDWLVWLFV RI WKH 7$5 ZDV REWDLQHG IURP QHZVSDSHUV
PDJD]LQHV DQG ZHEVLWHV DV ZHOO DV FRPSLODWLRQV VXFK DV 7LEHWDQ 6RXUFH
ERRN 1DL0LQJ  7KHVH VWDWLVWLFV SURYLGH LQIRUPDWLRQ RQ WKH WUHQGV
RI ORFDO SURGXFWLYLW\ DQG HFRQRP\
 ([SORUDWRU\SURFHVVLQJRI UHPRWH VHQV
LQJ GDWD
 %DVLF VWDWLVWLFV
'HVFULSWLYH VWDWLVWLFV ZHUH FRQGXFWHG RQ UHPRWHO\ VHQVHG GDWD ZLWK D IR
FXV RQ (O 1LxR SKHQRPHQRQ DQG LWV LPSDFW $ FRPSDULVRQ RI *,006
DQG )$6,5 GDWD ZDV ILUVW FRQGXFWHG WR HYDOXDWH WKHLU SURSHUWLHV DQG GH
WHUPLQH ZKLFK LV PRUH VXLWDEOH IRU WKH VWXG\ 8VLQJ GDWD IURP WKH VDPH
SHULRG RI WLPH -XO\  WKH PD[LPXP YDOXHV DQG GLVWULEXWLRQV RI WKH
WZR GDWDVHWV ZHUH FRPSDUHG 7KH GLVFUHSDQFLHV EHWZHHQ WKH WZR GDWDVHWV
DQG WKHLU GLVWULEXWLRQ ZHUH DOVR H[DPLQHG
,Q WHUPV RI WKH (O 1LxR SKHQRPHQRQ ERWK GDWDVHWV ZHUH FRPSDUHG RQ
WKHLU VLJQDO UHVSRQVH WR (O 1LxR PD[LPD 7KH DYHUDJH YDOXHV RI GLIIHUHQW
UHJLRQV LQ (O 1LxR DQG QRQ(O 1LxR \HDUV ZHUH LQYHVWLJDWHG WR VHH ZKLFK
GDWD VHW FDSWXUHV WKH FKDQJH EURXJKW E\ (O 1LxR EHWWHU 7KH FRUUHODWLRQ
EHWZHHQ UHPRWH VHQVLQJ GDWDVHWV DQG WHPSHUDWXUHSUHFLSLWDWLRQ GDWD ZDV
DOVR FRPSDUHG LQ DQ DWWHPSW WR VHH LI DQ\ GDWDVHW KDV D EHWWHU FRUUHODWLRQ
ZLWK WKH PHWHRURORJ\ GDWD
,Q RUGHU WR DYRLG WKH RYHUJHQHUDOLVDWLRQ RI FOLPDWH FKDUDFWHULVWLFV LQ
GLIIHUHQW UHJLRQV LQ 7LEHW WKH LPDJHV FRYHULQJ WKH ZKROH 7LEHWDQ 3ODWHDX
ZHUH VSOLW LQWR  VXEDUHDV FRYHULQJ(DVWHUQ:HVWHUQ 1RUWKHUQ DQG6RXWK
HUQ 7LEHWDQ 3ODWHDX 7KH GLPHQVLRQV DQG ORFDWLRQ RI HDFK LPDJH SDWFK
DUH VXPPDULVHG LQ 7DEOH  7KH VDPH GHVFULSWLYH VWDWLVWLFV XVHG RQ WKH

&+$37(5  0(7+2'2/2*<
7DEOH  %RXQGDULHV RI VXEDUHD SDWFKHV
6XEDUHD 1RUWK 6RXWK (DVW :HVW 1R RI SL[HOV
(DVWHUQ 73  ◦1  ◦1  ◦(  ◦( 
:HVWHUQ 73  ◦1  ◦1  ◦(  ◦( 
1RUWKHUQ 73  ◦1  ◦1  ◦(  ◦( 
6RXWKHUQ 73  ◦1  ◦1  ◦(  ◦( 
ZKROH DUHD¶V LPDJHV ZHUH DOVR XVHG RQ VXEDUHD RQHV
 1'9, DQRPDO\
%RWK*,006 DQG )$6,5 GDWDVHWV ZHUH XVHG WR FDOFXODWH 1'9, DQRPDOLHV
ZKLFK LV GHILQHG DV
N DV Iσ = (
N DV Iα
N DV Iµ
−1)×100 
ZKHUH N DV Iσ DUH WKH JURZLQJ VHDVRQ DQRPDOLHV N DV Iα DUH LQGLYLGXDO
VHDVRQDO PHDQV DQG N DV Iµ LV WKH ORQJWHUP JURZLQJ VHDVRQ 1'9, PHDQ
FDOFXODWHG XVLQJ JURZLQJ VHDVRQ GDWD EHWZHHQ  DQG  IURP WKH
ZKROH DYDLODEOH GDWDVHW 1'9, LPDJH GDWD IRU WKH JURZLQJ VHDVRQ -XQH
WR 6HSWHPEHU ZHUH VHOHFWHG WR FDOFXODWH N DV Iα DQG N DV Iµ N DV Iσ ZDV
FDOFXODWHG XVLQJ HTXDWLRQ  IRU HYHU\ YDOLG SL[HO LQ HDFK IUDPH 7KLV DS
SURDFK WKHUHIRUH SURYLGHG D YLVXDO SUHVHQWDWLRQ RI 1'9, FKDQJHV LQ HDFK
\HDU 7KH HIIHFWV RI (O 1LxR DQG WKH JHRJUDSKLF ORFDWLRQ RI LPSDFWV FRXOG
EH LGHQWLILHG IURP WKH PDS JHQHUDWHG IURP N DV Iσ GDWD 7KH DQRPDO\ RI
133 FRXOG EH FDOFXODWHG LQ D VLPLODU PDQQHU
 'HULYDWLRQ RI QHW SULPDU\ SURGXFWLYLW\
GDWD IURP 1'9,
7KH &DUQHJLH$PHV6WDQIRUG $SSURDFK &$6$ SURYLGHV D PHDQV WR HVWL
PDWH QHW SULPDU\ SURGXFWLYLW\ 133 IURP 1'9, GDWD WHPSHUDWXUH DQG

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PRLVWXUH PHDVXUHV ,W SXWV HPSKDVLVHV PRUH RQ FOLPDWH DQG UHVRXUFHV
DVSHFW DQG OHVV RQ ELRPH W\SH )LHOG HW DO  WKXV LW LV SUREDEO\ PRUH
VXLWDEOH IRU WKH UHVHDUFK DUHD ZKLFK KDV UHODWLYHO\ XQLIRUP ELRPH W\SHV
DQG LVPDLQO\ OLPLWHG E\ UHVRXUFH DQG HQHUJ\ DYDLODELOLW\ 7KH&$6$PRGHO
FDQ EH H[SUHVVHG E\ WKH IROORZLQJ HTXDWLRQ
N PP(x , t ) = APAR(x , t ) ·ε(x , t ) 
ZKHUH (x , t ) GHQRWHV D ORFDWLRQ (x ) DW WLPH (t ) APAR LV WKH DPRXQW RI SKR
WRV\QWKHWLFDOO\ DFWLYH UDGLDWLRQ 3$5 DEVRUEHG E\ JUHHQ YHJHWDWLRQ ε LV
WKH HIILFLHQF\ E\ ZKLFK WKH UDGLDWLRQ LV FRQYHUWHG WR SODQW ELRPDVV )LHOG
HW DO  7KH HTXDWLRQ FDQ DOVR EH ZULWWHQ DV
N PP =S(x , t ) · F PAR(x , t ) ·ε∗ ·T1(x , t ) ·T2(x , t ) ·W (x , t ) 
ZKHUH S(x , t ) LV 3$5 VXUIDFH LUUDGLDQFH FDOFXODWHG DV KDOI WKH WRWDO VRODU
VXUIDFH LUUDGLDQFH F PAR(x , t ) LV D OLQHDU IXQFWLRQ RI WKH VLPSOH UDWLR YHJH
WDWLRQ LQGH[ 65 ε∗ LV WKH JOREDOO\ GHILQHGPD[LPXP OLJKW XVH HIILFLHQF\
W (x , t ) LV WKH ZDWHU VFDODU DQG LV FDOFXODWHG XVLQJ HVWLPDWHG HYDSRWUDQ
VSLUDWLRQ ((7 DQG SRWHQWLDO HYDSRWUDQVSLUDWLRQ 3(7 LQ WKLV HTXDWLRQ
W (x , t ) = 0.5+E E T (x , t )/PE T (x , t ) 
ZKHUH 3(7 LV WKH IXQFWLRQ RI WHPSHUDWXUH DQG ODWLWXGH ZKLOH ((7 LV UH
ODWHG WR ERWK SUHFLSLWDWLRQ DQG HYDSRUDWLRQ IURP WKH VRLO T1 DQG T2 DUH
RQO\ UHODWHG WR WKH PHDQ WHPSHUDWXUH ◦C GXULQJ WKH PRQWK RI PD[LPXP
1'9, DQG DUH FDOFXODWHG DV
T1(x ) = 0.8+0.02×Top t (x )−0.0005× [Top t (x )]
2 

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T2(x , t ) =C ·1/{1+ e x p [0.2 · (Top t (x )−10−T (x , t )]}
·1/{1+ e x p [0.3 · (−Top t (x )−10+T (x , t )]} 
ZKHUH Top t (x ) LV WKH RSWLPXP WHPSHUDWXUH DW ORFDWLRQ x  KHUH HVWLPDWHG
XVLQJ KLJKHVW WHPSHUDWXUH LQ WKH ZKROH WLPH VHULHV
+RZHYHU WKH LPSOHPHQWDWLRQ RI WKH &$6$PRGHO ZDV KLQGHUHG E\ WKH
ODFN RI DYDLODELOLW\ RI GHWDLOHGPHWHRURORJLFDO GDWD RI 7LEHW WR XVHUV RXWVLGH
&KLQD 7KHUHIRUH VRPH DSSUR[LPDWLRQ DQG HVWLPDWLRQ ZHUH HPSOR\HG
7KH )3$5 FRXOG EH FRDUVHO\ ILWWHG IURP 65 YDOXHV DVVXPLQJ D OLQHDU UH
ODWLRQVKLS RU IURP VFDOHG 1'9, GDWD FRQVLGHULQJ WKH LQIOXHQFH RI DWPR
VSKHUH LUUDGLDQFH 2ORIVVRQ DQG (NOXQGK  7KH 1'9, YDOXHV UHS
UHVHQWLQJ PD[LPXP DQG PLQLPXP )3$5 ZHUH LGHQWLILHG E\ ILQGLQJ SHU
FHQWLOHV RI 1'9, IRU HDFK ODQG FRYHU W\SH 7KH SHUFHQWLOH ZDV GHWHUPLQHG
E\ WKH YHJHWDWLRQ PRUSKRORJLHV RI FRQFHUQ $VVXPLQJ WKH YHJHWDWLRQ KDV
VLPLODU 1'9, UHVSRQVH WR VHDVRQDOLW\ WKHPD[LPXP DQGPLQLPXP1'9,
YDOXHV GHILQHG E\ WKH SHUFHQWLOHV VKRXOG KDYH VLPLODU IOXFWXDWLRQV DV VHD
VRQV VKLIW 7KH XSSHU SHUFHQWLOH ZDV VHW WR  DV WKH PD[LPXP 1'9,
GRHV QRW H[FHHG  LQ )$6,5 GDWD VHW DQG LV FRQVLGHUHG DV JHQHUDWHG E\
YHJHWDWLRQ 7KH ORZHU SHUFHQWLOH ZDV GHWHUPLQHG WKURXJK D VHULHV RI H[
SHULPHQWV )RU HDFK ODQG FRYHU W\SH LWV )3$5 ZDV FDOFXODWHG DV
f a (i , j , k ) = 0.95
N DV I (i , j )−N DV I l p ,k
N DV I100,k −N DV I l p ,k

ZKHUH f a (i , j , k ) DQGN DV I (i , j ) DUH WKH )3$5 DQG1'9, IRU ODQG FRYHU W\SH
j LQ WKH i WK IUDPH LQ WKH WLPH VHULHV N DV I l p ,k LV WKH 1'9, YDOXH DW WKH
ORZHU SHUFHQWLOH DW SL[HO k  N DV I100,k WKDW DW WKHPD[LPXP DW SL[HO k  
LV WKH HPSLULFDO YDOXH RI )3$5 DVVXPLQJ PD[LPXP SRVVLEOH XWLOLVDWLRQ RI
VRODU DFWLYH UDGLDWLRQ E\ WKH YHJHWDWLRQ
7KH ODQG FRYHU LQIRUPDWLRQ ZDV REWDLQHG DV D SURFHVVHG $9+55 ODQG

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FRYHUPDS IURP*OREDO /DQG&RYHU )DFLOLW\ 8QLYHUVLW\ RI0DU\ODQG +DQVHQ
HW DO  7KLV PDS ZDV FKRVHQ EHFDXVH WKHUH DUH IHZ ODQG FRYHU PDSV
FRYHULQJ WKH VWXG\ DUHD ZLWK DGHTXDWH UHVROXWLRQ WKDW DUH DYDLODEOH WR WKH
UHVHDUFKHU DQG FDQ EH HDVLO\ GLJLWL]HG 7KH ODQG FRYHU LQIRUPDWLRQ LQ WKH
PDS LV JHQHUDOO\ FRQVLVWHQW ZLWK PDSV SURGXFHG LQ &KLQD &KLQD $WODV
 7KH PDS VKRZV WKDW WKH VWXG\ DUHD KDV  PDMRU ODQG FRYHU W\SHV
QDPHO\ ZRRGODQG ZRRGHG JUDVVODQG FORVHG VKUXEODQG RSHQ VKUXEODQG
JUDVVODQG FURSODQG EDUH JURXQG DQG XUEDQ )LJXUH  %DVHG RQ WKH
FODVVLILFDWLRQ WKH *,006 LPDJHV ZHUH VWUDWLILHG LQWR  SRUWLRQV ZLWK
1'9, SHUFHQWLOHV FDOFXODWHG IRU HDFK 7KH )3$5 ZDV WKHQ FDOFXODWHG XV
LQJ (TXDWLRQ  IRU HDFK ODQG FRYHU W\SH 7KH UHVXOWV ZHUH WKHQ FRPELQHG
LQWR RQH LPDJH
7R REWDLQ S(x , t ) LQ HTXDWLRQ  WKH WRWDO VRODU LUUDGLDQFH 76, GDWD
ZHUH QHHGHG $ FRPSRVLWH GDWDEDVH SURYLGHG DW 1DWLRQDO *HRSK\VLFDO
'DWD &HQWHU 1*'& RI &KLQD ZDV XVHG 7KH GDWD VHW ZDV SUHSDUHG E\
)U|KOLFK DQG/HDQ  DQGXVHGGDWD IURP3K\VLNDOLVFK0HWHRURORJLVFKHV
2EVHUYDWRULXP 'DYRV:RUOG 5DGLDWLRQ &HQWHU 302':5& LQ 'DYRV
6ZLW]HUODQG DV ZHOO DV GDWD IURP WKH 9,5*2 ([SHULPHQW RQ WKH (6$
1$6$ FRRSHUDWLYH 0LVVLRQ 6R+2 7KH GDWD HQWULHV ZHUH RQ D GDLO\ ED
VLV DQG ZHUH DJJUHJDWHG IRU HYHU\ GD\ SHULRG LQ RUGHU WR EH FRQVLVWHQW
ZLWK 1'9, GDWD ,Q WKLV GDWD VHW 76, YDOXHV DIWHU VW 2FWREHU  ZHUH
QRW DYDLODEOH ZKLFK ZHUH HVWLPDWHG E\ FRPSDULQJ 76,V LQ HDUOLHU PRQWKV
LQ  ZLWK WKRVH LQ WKH FRUUHVSRQGLQJ PRQWKV LQ RWKHU \HDUV WR REWDLQ
DQ DYHUDJHG FRHIILFLHQW DQG PXOWLSO\LQJ WKH RWKHU \HDUV 76,V DIWHU VW RI
2FWREHU E\ WKH FRHIILFLHQW
7R FDOFXODWH VFDODU W DQG T  YDULRXV GDWD ZHUH QHHGHG LQFOXGLQJ HV
WLPDWHG HYDSRWUDQVSLUDWLRQ ((7 SRWHQWLDO HYDSRWUDQVSLUDWLRQ 3(7
DQG WHPSHUDWXUH GDWD 7KH 3(7 GDWD ZDV REWDLQHG IURP WKH 8QLWHG 1D
WLRQV (QYLURQPHQW 3URJUDPPH¶V *5,' $UFKLYH $KQ DQG 7DWHLVKL 

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)LJXUH  7KH ODQG FRYHU PDS RI 1RUWKHUQ 7LEHWDQ 3ODWHDX GUDZQ XV
LQJ GDWD IURP +DQVHQ HW DO  7KH H[WHQW RI WKH LPDJH LV
LQGLFDWHG E\ WKH ER[ LQ WKH VPDOO PDS 7KH ORFDWLRQ PDS XVHG
KHUH DQG RWKHU ILJXUHV ZDV GUDZQ ZLWK *07 :HVVHO DQG 6PLWK
 :HVVHO  XVLQJ WKH *6++6 VKRUHOLQH GDWD :HVVHO DQG
6PLWK 

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8QLWHG 1DWLRQV (QYLURQPHQW 3URJUDPPH *OREDO 5HVRXUFH ,QIRUPDWLRQ
'DWDEDVH  WKH HVWLPDWHG HYDSRWUDQVSLUDWLRQ YDOXHV ZHUH H[WUDFWHG
IURP*/'$6 GDWD VHWV D SDUW RI WKHPLVVLRQ RI 1$6$¶V (DUWK 6FLHQFH'LYL
VLRQ DUFKLYHG DQG GLVWULEXWHG E\ WKH *RGGDUG (DUWK 6FLHQFHV *(6 'DWD
DQG ,QIRUPDWLRQ 6HUYLFHV &HQWHU',6& 6RPH XQDYDLODEOH HQWULHV LQ WKH
GDWD VHW ZHUH HVWLPDWHG E\ DYHUDJLQJ FRUUHVSRQGLQJ GDWD IURP WKH QH[W
DQG SUHYLRXV \HDUV¶ GDWD 7KH FDOFXODWLRQ ZDV FRQGXFWHG XVLQJ HTXDWLRQ
  DQG  LQ D *,6 VRIWZDUH HQYLURQPHQW ,W ZDV WKHQ SRVVLEOH WR
FDOFXODWH 133 XVLQJ )3$5 76, DQG WKHVH VFDODUV 7KH DQRPDO\ RI 133
ZDV FDOFXODWHG LQ D ZD\ VLPLODU WR WKDW RI FDOFXODWLQJ WKH 1'9, DQRPDO\
 6SDWLDO DQDO\VLV
,Q RUGHU WR VWXG\ WKH UHVLOLHQFH RI WKH FXUUHQW QDWXUDO DQG VRFLDO V\VWHP
DQG WKH SRVVLEOH FRQVHTXHQFH RI LQVWLWXWLRQDO DQG QDWXUDO FKDQJHV LW LV
QHFHVVDU\ WR ILUVW LGHQWLI\ WKH SDWWHUQ RI GLVWXUEDQFHV %\ KDYLQJ NQRZO
HGJH RI WKH SUREDELOLW\ DQG LQWHQVLW\ RI GLVWXUEDQFH DQG WKH V\VWHP¶V YXO
QHUDELOLW\ WR GLVWXUEDQFH WKH IDFWRUV FRQWULEXWLQJ WR JDLQ DQG ORVV RI UH
VLOLHQFH FDQ EH LQIHUUHG 7ZR WHFKQLTXHV ZHUH XVHG RQ WKH 1'9, DQG
133 LPDJHU\ WR LGHQWLI\ FKDUDFWHULVWLFV RI GLVWXUEDQFH RQ WKH SODWHDX 'H
WUHQGHG )OXFWXDWLRQ $QDO\VLV ')$ LV EDVHG RQ WKH SRZHUODZ UHODWLRQ
VKLS RI SUREDELOLW\ DQG LQWHQVLW\ RI PDQ\ QDWXUDO GLVWXUEDQFHV DQG FDQ
UHYHDO LQIRUPDWLRQ RQ WKH SUREDELOLW\ RI ODUJH GLVWXUEDQFHV LQ WKH IXWXUH
JLYHQ GLVWXUEDQFHV WKDW DOUHDG\ KDYH WDNHQ SODFH 7UHQG DQDO\VLV LV D VLP
SOH PHDVXUHPHQW RI FRQVHFXWLYH LQFUHDVLQJ RU GHFUHDVLQJ WUHQG LQ D JLYHQ
WLPH SHULRG 7KH WZR DQDO\VHV FKDUDFWHULVHG GLVWXUEDQFH LQ WHUPV RI SURE
DELOLW\ DQG LQWHQVLW\ :KHQ FRPELQHG ZLWK VSDWLDO LQIRUPDWLRQ WKH\ PD\
DOVR SURYLGH LQIRUPDWLRQ RQ VSDWLDO SDWWHUQV RI GLVWXUEDQFHV

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 'HWUHQGHG )OXFWXDWLRQ $QDO\VLV
')$ZDV ILUVW GHULYHGE\3HQJ HW DO  LQ WKH VWXG\ RI'1$QXFOHRWLGHV¶
RUJDQLVDWLRQ DQG ³SDWFKLQHVV´ 7KH PHWKRG DOORZV UHVHDUFKHUV WR LGHQWLI\
ORQJUDQJH SRZHUODZ FRUUHODWLRQV LQ WLPH VHULHV IURP WKRVH ZKLFK KDYH
QR FRUUHODWLRQV EXW ZKLWHQRLVH %HFDXVH PDQ\ SKHQRPHQD LQ WKH QDWXUH
FDQ EH GHVFULEHG DV 1/ f α QRLVH ')$ FDQ SRWHQWLDOO\ EH XVHG WR ILQG WKH UH
ODWLRQVKLSV EHWZHHQ IOXFWXDWLRQV DQG WLPH VFDOH LQ WKHVH SKHQRPHQD 7KH
PHWKRG ZDV ODWHU DGRSWHG E\ 7HOHVFD HW DO  LQ WKH VWXG\ RI IRUHVW
HFRV\VWHP¶V ORQJWHUP WUHQG LQ WKH IDFH RI SHUWXUEDWLRQV H[SUHVVHG LQ WKH
IRUP RI 1'9, GDWD
')$ ZDV FRQGXFWHG XVLQJ PRQWKO\ DYHUDJHG GDWD RYHU WKH DUHD 7KH
PHDQ 133 YDOXH RI HDFK PRQWK ZDV FDOFXODWHG ILUVW %HFDXVH RI VHDVRQ
DOLW\ 133 GDWD KDV QDWXUDO IOXFWXDWLRQ WUHQGV ZKLFK PXVW EH HOLPLQDWHG
E\ VXEWUDFWLQJ IURP HDFK PRQWK¶V GDWD WKH DYHUDJH RI WKH PRQWK¶V YDOXHV
RYHU DOO WKH \HDUV FRQFHUQHG )LJXUH  7KH IOXFWXDWLRQ RI PRQWKO\ WLPH
VHULHV IURP WKH PHDQ YDOXHV ZDV DW ILUVW LQWHJUDWHG 3HQJ HW DO 
y (k ) =
k∑
i=1
[x (i )−xa v e ] 
ZKHUH x (i )ZDV WKH i WK 133 YDOXH xa v e ZDV WKHPHDQ YDOXH WKURXJKRXW WKH
ZKROH WLPH VHULHV 7HOHVFD HW DO  7KH SURFHVVHG GDWD ZDV WKHQ GL
YLGHG LQWR VHYHUDO ER[HV HDFKZLWK n GDWD SRLQWV )RU HDFK ER[ RI OHQJWK n 
D OHDVWVTXDUH ILW ZDV FRQGXFWHG JHQHUDWLQJ VWUDLJKW OLQHV ZKRVH y FRRU
GLQDWH ZDV GHQRWHG E\ yn (k ) 1H[W WKH LQWHJUDWHG WLPH VHULHV y (k )ZDV GH
WUHQGHG E\ VXEWUDFWLQJ WKH ORFDO WUHQG yn (k ) LQ HDFK ER[ 7KH URRWPHDQ
VTXDUH IOXFWXDWLRQ RI WKLV GHWUHQGHG WLPH VHULHV ZDV WKHQ FDOFXODWHG
F (n ) =
s
1
N
N∑
k=1
[y (k )− yn (k )]2 

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7KH FDOFXODWLRQ ZDV WKHQ UHSHDWHG IRU HDFK ER[ VL]H n WR SURYLGH WKH UH
ODWLRQVKLS EHWZHHQ F (n ) DQG n  ,Q DQDO\VLV F (n ) DQG n DUH RIWHQ SORWWHG
RQWR D ORJORJ JUDSK DQG LI VFDOLQJ LV SUHVHQW ZLOO DSSHDU DV D VWUDLJKW OLQH
7KH VORSH RI WKLV OLQH LV WKH VFDOLQJ H[SRQHQW α 7KH YDOXH RI α DW D FHU
WDLQ SRLQW ORJn LQGLFDWH GLIIHUHQW UHODWLRQVKLSV EHWZHHQ 133 YDOXHV LQ WKH
ER[ RI VL]H n DQG D SUHYLRXV ER[¶V YDOXHV 'LIIHUHQW YDOXHV RI α DQG WKHLU
PHDQLQJV DUH VXPPDULVHG LQ 7DEOH 
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)LJXUH  7LPH VHULHV RI D 1'9, DYHUDJH YDOXH LQ1RUWKHUQ 7LEHW DQG
E IOXFWXDWLRQ RYHU VHDVRQDO DYHUDJH WUHQG REWDLQHG E\ UHPRYLQJ
VHDVRQDO DYHUDJH 1'9, YDOXH IURP RULJLQDO GDWD
2Q D FRPSXWHU WKH 133 WLPH VHULHV ZLWKRXW VHDVRQDOLW\ WUHQG ZHUH
H[SRUWHG WR D ILOH DQG VHQW LQWR WKH ')$ SURJUDPGHYHORSHG E\ *ROGEHUJHU
HW DO  7KH RXWSXW ILOH KDG WZR FROXPQV RI GDWD ZKLFK ZHUH WKH
EDVHG ORJDULWKPV RI ³ER[ VL]H´ DQG ³IOXFWXDWLRQ´ LQ ')$ 3ORWWLQJ WKH
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7DEOH  6ORSH RI IOXFWXDWLRQWLPH VFDOH OLQH DQG WKH FRUUHVSRQGLQJ
WLPHVHULHV¶ FKDUDFWHULVWLFV 3HQJ HW DO 
α 0HDQLQJ
< 1/2 $QWLFRUUHODWHG
≃ 1/2 XQFRUUHODWHG
> 1/2 EXW < 1 FRUUHODWHG
≃ 1 I QRLVH
> 1 QRQVWDWLRQDU\ UDQGRPZDON OLNH
≃ 3/2 %URZQLDQ QRLVH
VHFRQG FROXPQ DJDLQVW WKH ILUVW RQH D VWUDLJKW OLQH FRXOG EH REWDLQHG LI WKH
RULJLQDO WLPHVHULHV KDG VHOIDIILQLW\ LH UHPDLQHG WKH VDPH ZKHQ YLHZHG
DW GLIIHUHQW VFDOH )UHHPDQ DQG:DWNLQV  0DQ\ QDWXUDO WLPHVHULHV
FDQ JHQHUDWH SRLQWV LQ WKH IOXFWXDWLRQWLPH VFDOH SODQH WKDW DUH FORVH WR
FROOLQHDU 7KH VORSH α RI WKH ILWWHG OLQH FDQ KHOS UHVHDUFKHUV LGHQWLI\
FRUUHODWLRQ RI VLJQDO LQ WKH WLPH VHULHV &KHQ HW DO 
 3HUVLVWHQFH RI 133 DQRPDO\
7KHSHUVLVWHQFH KHUHPHDQV IRU KRZ ORQJ DSRVLWLYH RU QHJDWLYH WUHQG H[LVWV
LQ D WLPH VHULHV ,Q RUGHU WR ILQG RXW DW ZKDW WLPH VFDOH WKH GLVWXUEDQFHV DI
IHFW WKH JUDVVODQG YHJHWDWLRQ D SHUVLVWHQFH SUREDELOLW\ DSSURDFK ZDV HP
SOR\HG 7KH DSSURDFK ZDV SURSRVHG E\ 6LPRQLHOOR HW DO  7KH LGHD
ZDV WR ILQG RXW DW ZKDW ORFDWLRQV WKH SRVLWLYH RU QHJDWLYH WUHQG RI 1'9,
UHODWLYH WR D FHUWDLQ UHIHUHQFH SHUVLVWV DQG LI LW SHUVLVWV KRZ ORQJ ZDV WKH
OLIHVSDQ RI WKH WUHQG 7KH DFWXDO TXDQWLW\ GLIIHUHQFH EHWZHHQ 1'9, DQG
WKH UHIHUHQFH YDOXH ZDV LJQRUHG
7KH DSSURDFK ZDV DGRSWHG LQ WKLV VWXG\ EXW WKH 133 DQRPDO\ ZDV
XVHG LQVWHDG RI 1'9, EHFDXVH 133 DQRPDO\ KDG LQFRUSRUDWHG WHPSHU
DWXUH DQG ZDWHU DYDLODELOLW\ DQG WKXV FDQ EHWWHU UHIOHFW JUDVVODQG VWDWXV
7R FDOFXODWH WKH SHUVLVWHQFH RYHU D SHULRG WKH 133 DQRPDO\ GDWD LQ WKH

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LQLWLDO \HDU t i ZDV WUDQVIRUPHG XVLQJ WKH IROORZLQJ UXOH
s (x , y , t i ) =

1, LI n (x , y , t i )> 0
−1, LI n (x , y , t i )< 0
0 LI n (x , y , t i ) = 0

ZKHUH s (x ,y , t i ) LV WKH WUDQVIRUPHG YDOXH DW SL[HO (x , y ) n (x , y , t i ) LV WKH
RULJLQDO 133 DQRPDO\ YDOXH $IWHU VXFK WUDQVIRUPDWLRQ RQO\ WKH VLJQ RI
RULJLQDO GDWD ZDV SUHVHUYHG 7KHQ IRU HDFK \HDU t DIWHUZDUGV t ≥ t i  WKH
SHUVLVWHQFH PDS P(x ,y , t ) ZDV FRQVWUXFWHG DV IROORZV
P(x , y , t ) = s (x , y , t ) t = t i 
P(x , y , t ) =

0, LI s (x , y , t ) ̸= P(x , y , t −1)
P(x , y , t −1) LI s (x , y , t ) = P(x , y , t −1) t > t i

$W HDFK \HDU T D FXPXODWLYH YDOXH IRU HDFK SL[HO FRXOG EH REWDLQHG
PT
t i
(x , y ) =
T∑
t =t i
P(x ,y , t ) 
7KLV YDOXH LQGLFDWHG IRU KRZPDQ\ \HDUV LQ WKH SHULRG LQ TXHVWLRQ WKH133
WUHQG KDG SHUVLVWHG DW WKH SL[HO DQG LWV VLJQ LQGLFDWHV ZKHWKHU WKH WUHQG
ZDV SRVLWLYH RU QHJDWLYH ,I ∥PT
t i
∥ ZDV KLJK LW PHDQW WKHUH ZHUH PDQ\ FRQ
VHFXWLYH \HDUV LQ ZKLFK WKH 133 ZDV KLJKHU RU ORZHU WKDQ DYHUDJH %XW
LI 133 IOXFWXDWHV DURXQG WKH DYHUDJH ∥PT
t i
∥ ZRXOG EH ORZ 7KH VLJQ RI PT
t i
LQGLFDWHG ZKHWKHU SRVLWLYH RU QHJDWLYH WUHQG GRPLQDWHG LQ WKH SHULRG ,Q
6LPRQLHOOR¶V DSSURDFK WKH ODVW VWHS ZDV WR FDOFXODWH WKH SUREDELOLW\ RI WKH
WUHQG¶V VXUYLYDO
q (t ) =
N (t )
N (t i )

ZKHUH N (t ) LV WKH QXPEHU RI VXUYLYHG WUHQGV KDYLQJ WKH VDPH VLJQ DW WKH

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WLPH t  %XW DUJXDEO\ WKH UHVXOW RI WKLV HTXDWLRQZDV DQ LQGLFDWRU RI VWDELOLW\
UDWKHU WKDQ UHVLOLHQFH 7KLV VWXG\ LQVWHDG H[DPLQHG PT
t i
(x , y )¶V YDOXH DQG
VSDWLDO GLVWULEXWLRQ DV ZHOO DV LWV FKDQJH WKURXJK WLPH LQ RUGHU WR LGHQWLI\
ZKLFK DUHDV WHQG WR KDYH SRVLWLYH RU QHJDWLYH WUHQG LQ D JLYHQ SHULRG DQG
ZKHWKHU WKHVH FKDUDFWHULVWLFV FKDQJHG WKURXJK WLPH
,Q RUGHU WR FRPSDUH ORQJWHUPDQG VKRUWWHUPSHUVLVWHQFH RI133 WUHQGV
YDULRXV UHIHUHQFH \HDUV DQG WLPH VSDQV ZHUH VHOHFWHG  \HDUV IURP 
WR  XVLQJ DOO DYDLODEOH LPDJHV WR REWDLQ D ZKROH SLFWXUH IURP DOO
DYDLODEOH GDWD  \HDUV IURP  WR  DQG  WR  UHVSHFWLYHO\
WR FRPSDUH WKH WZR KDOYHV RI WKH SHULRG  \HDUV IURP  WR  
WR   WR  DQG  WR  WR H[DPLQH WUHQGV DW D ILQHU VFDOH
DQG  \HDUV IURP  WR   WR  DQG  WR  ZKLFK
ZHUH EHJLQQLQJV RI  (O 1LxR SHULRGV WR H[DPLQH ZKHWKHU (O 1LxR HYHQWV
LQIOXHQFH 133 WUHQGV
 &RQFHSWXDO DQG PDWKHPDWLFDO PRGHO
5HVLOLHQFH LV DQKROLVWLF DWWULEXWH RI WKH V\VWHPDQG LQPRVW FDVHV FDQQRW EH
PHDVXUHG GLUHFWO\ 7KH DVVHVVPHQW RI UHVLOLHQFH KDV WR UHO\ RQ VRPH VXUUR
JDWHV WKDW FDQ EHPHDVXUHG XVLQJ FRQYHQWLRQDOPHDQV ,Q RUGHU WR LGHQWLI\
WKHVH VXUURJDWHV D FRQFHSWXDOPRGHO LV RIWHQ UHTXLUHG VR DV WR LGHQWLI\ LP
SRUWDQW FRPSRQHQWV DQG LQWHUDFWLRQV ZKRVH DWWULEXWHV RU TXDQWLWLHV FDQ
VHUYH DV VXUURJDWHV 2Q WKH RWKHU KDQG UHVLOLHQFH VWXGLHV ORRN QRW RQO\ DW
WKH V\VWHP¶V KLVWRU\ EXW PRUH LPSRUWDQWO\ DW IXWXUH VXUSULVH DQG DGDS
WDWLRQ 7KHUHIRUH PDWKHPDWLFDO PRGHOV DUH RIWHQ XVHG WR LOOXVWUDWH WKH
V\VWHP¶V EHKDYLRXU DQG FKDQJHV LQ DWWULEXWHV LQ UHVLOLHQFH VWXGLHV

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 'HYHORSPHQW RI FRQFHSWXDO PRGHO
7KH FRQFHSWXDO PRGHO RI WKH 7LEHWDQ JUDVVODQG V\VWHP ZDV GUDZQ IURP
WKH UHVHDUFKHU¶V XQGHUVWDQGLQJ JDLQHG LQ KLV ILHOG VWXG\ LQ  WR 
VHH 6HFWLRQ  RI WKH SDVWRUDO V\VWHP LQFOXGLQJ NH\ FRPSRQHQWV DQG
VHDVRQDOLW\ IHDWXUHV VKRZQ LQ )LJXUH  ,Q WKLV PRGHO JUDVV SURGXF
WLYLW\ DQG DYDLODELOLW\ ZHUH FKRVHQ DV WKH FRUH DWWULEXWHV RI WKH V\VWHP
ZKLFK LV D PDMRU OLPLWLQJ IDFWRU RI WKH DYDLODELOLW\ RI OLYHVWRFN ZKLFK LQ
WXUQ VXSSRUWHG SDVWRUDO SRSXODWLRQ DQG HFRQRP\ 7KH FRUH IDFWRUV ZHUH
LQIOXHQFHG E\ WKHVH IDFWRUV
 *UD]LQJ LQWHQVLW\ QRW VKRZQ LQ WKH ILJXUH ZKLFK LV GHWHUPLQHG E\
WKH QXPEHU DQG FRPSRVLWLRQ RI OLYHVWRFN DV ZHOO DV WKH DUHD RI SDV
WXUHV DYDLODEOH WR WKH KHUG 2EVHUYDWLRQV E\ :X HW DO  LQ 7L
EHW VKRZV WKDW KHDY\ JUD]LQJ LQFUHDVHV WKH GHQVLW\ RI SODQWV EXW GH
FUHDVHV FRPPXQLW\ KHLJKW FRYHUDJH DQG ELRPDVV LH WKH LQGLYLGXDO
SODQWV DUH VKRUWHU DQG VPDOOHU ZLWK OHVV OHDI DUHD
 *URZWK DQG UHFUXLWPHQW RI JUDVV DIIHFWHG E\ QHW SULPDU\ SURGXF
WLYLW\ DQG WKH YLDELOLW\ RI VHHG EDQNV 7KH QHW SULPDU\ SURGXFWLYLW\
LV GHWHUPLQHG E\ YDULRXV FOLPDWLF IDFWRUV VXFK DV DYDLODEOH VRODU UD
GLDQFH WKH UDWLR RI UDGLDQFH WKDW FDQ EH XWLOLVHG E\ WKH YHJHWDWLRQ
WHPSHUDWXUH DQG ZDWHU DYDLODELOLW\ 7KH DYDLODELOLW\ DQG YLDELOLW\ RI
VHHG EDQNV ZHUH UHSRUWHG WR EH GHSHQGHQW RQ DOWLWXGH DQG VRLO PL
FURWRSRJUDSKLHV ,VVHOLQ1RQGHGHX DQG %pGpFDUUDWV 
 7RSRJUDSK\ DQGK\GURORJ\ 7KH WRSRJUDSK\ RI JUDVVODQGGHWHUPLQHV
KRZPXFK VRODU UDGLDWLRQ DQG SUHFLSLWDWLRQ WKH YHJHWDWLRQ UHFHLYHV
,W DOVR GLUHFWO\ LQIOXHQFHV WKH IORZ RI VRLO ZDWHU FRQWHQW LQ WKH VRLO
DQG HYDSRWUDQVSLUDWLRQ 6RLO HURVLRQ LV DOVR OLQNHG WR WRSRJUDSK\
 'LVWXUEDQFH VXFK DV VQRZVWRUP GURXJKW DQG ILUH 6QRZVWRUPV DUH
D IUHTXHQW ZHDWKHU SKHQRPHQRQ LQ 7LEHW GHILQHG E\ KHDY\ VQRZ

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IDOO SURORQJHG VQRZ FRYHU SHULRG DQG JUHDWHU GHSWK RI VQRZ WKDQ
XVXDO =KX HW DO  6QRZVWRUPV FDQ WDNH SODFH LQ DXWXPQ ZLQ
WHU RU HDUO\ VSULQJ LQ WKH \HDU 6PDOO VQRZVWRUPV WDNH SODFH DOPRVW
HYHU\ \HDU DOWKRXJK LQ GLIIHUHQW ORFDWLRQV LQ 7LEHW /DUJHU VQRZ
VWRUPV DSSHDU OHVV IUHTXHQWO\ EXW DIIHFW ODUJHU DUHDV ZKHQ WKH\ WDNH
SODFH $PRQJ VQRZVWRUPV WKRVH WKDW WDNH SODFH LQ VSULQJ DUH FRQ
VLGHUHG PRVW KDUPIXO DV WKH\ GHOD\ RU SUHYHQW JUDVV IURP JHUPL
QDWLQJ DQG FDXVH VKRUWDJH RI IRRG IRU OLYHVWRFN ZKLFK DUH RIWHQ
ZHDN DIWHU WKH ORQJ ZLQWHU DQG LQ QHHG RI DEXQGDQW KHUEDJH 7KH
RFFXUUHQFH DQG LQWHQVLW\ RI VQRZVWRUP GLVDVWHUV DUH OLQNHG WR WKH
LQWHUDFWLRQ EHWZHHQ ,QGLDQ 6XPPHU 0RQVRRQ DQG WKH :HVWHUOLHV
'URXJKW LV FRQVLGHUHG DV D FRPPRQ IHDWXUH RI WKH 7LEHWDQ 3ODWHDX
<DQJ HW DO  ,WV RFFXUUHQFH LV DOVR OLQNHG WR ZHDNHQHG PRQ
VRRQ DQG DEQRUPDO VHDVRQDO GLVWULEXWLRQ RI SUHFLSLWDWLRQ 7KH WUHQG
RI JOREDO FOLPDWH FKDQJH LV EHOLHYHG WR EHPDNLQJ GURXJKWVPRUH IUH
TXHQW 6PLW DQG &DL 
 :LOGOLIH LQIOXHQFHV WKH DYDLODELOLW\ RI JUDVV FRPPXQLWLHV 7KH PL
FURKDELWDW GLVWXUEDQFH FUHDWHG E\ VRPH ZLOGOLIH VSHFLHV LV EHOLHYHG
WR LQFUHDVH SODQW GLYHUVLW\ RQ WKH JUDVVODQG 6PLWK DQG)RJJLQ 
:LOGOLIH DOVR SURYLGH QHFHVVDU\ WRROV VXFK DV DQWHORSH KRUQV XVHG DV
D FRQWDLQHU ZKHQ PLONLQJ VKHHS DQG JRDW DQG VHUYH DV DQ LQGLFDWRU
RI IDYRXUDEOH SDVWXUH FRQGLWLRQV WHOOLQJ KHUGVPHQ ZKHUH WR PRYH
WKH OLYHVWRFN WR )RJJLQ 
 $V D VRFLDOHFRQRPLFHFRORJLFDO FRPSOH[ V\VWHP WKH YLDELOLW\ RI WKH
V\VWHP UHSUHVHQWHG E\ SURGXFWLYLW\ LV DOVR LQIOXHQFHG E\ KXPDQ LQ
WHUDFWLRQV DQG SROLFLHV /DQG XVH SDWWHUQV DOWKRXJK QRW DPDMRU IDF
WRU LQ 7LEHW¶V SDVWRUDO SURGXFWLYLW\ QRZ ZLOO SOD\ D PRUH LPSRUWDQW
UROH LQ GHWHUPLQLQJ WKH SURGXFWLYLW\ DQG FRQVXPSWLRQ RI WKH JUDVV
ODQG DV WKH XUEDQ DUHDV H[SDQG DQG URDG QHWZRUN GHYHORSV /RFDO

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DQG QDWLRQDO HFRQRP\ KDYH DQ LPSDFW RQ WKH GHPDQG RI SDVWRUDO
SURGXFWV DQG SHRSOH¶V LQFRPH /RFDO SHRSOH¶V OLYHOLKRRG LQIOXHQFHV
WKHLU LPSDFW RQ ORFDO HQYLURQPHQW DQG WKHLU DELOLW\ WR VXUYLYH DG
YHUVH FKDQJHV 7KH SROLWLFDO HIIHFWLYHQHVV DQG IDLUQHVV FRQWULEXWH WR
WKH LPSOHPHQWDWLRQ RI SROLFLHV DQG WKHUHIRUH WKH LPSDFW RI KXPDQ
LQWURGXFHG FKDQJHV
 )LQDOO\ WKH PRELOLW\ RI KHUGV DQG SDVWRUDOLVWV LV OLQNHG WR PDQ\ DV
SHFWV RI SDVWRUDOLVP DQG JUDVVODQG HFRV\VWHP $V WKH ODQGVFDSH LV
YHU\ FKDOOHQJLQJ ORFDO SHRSOH UHO\ RQ WKH PRELOLW\ RI OLYHVWRFN WR
REWDLQ IRUDJH IURP JUDVVODQG DQG VKUXEODQG 7KH RSWLPLVHG XVH RI
SDVWXUHV LV GLIILFXOW WR DFKLHYH ZLWKRXW D FHUWDLQ GHJUHH RI PRELOLW\
5LFKDUG D 0RELOLW\ RI D PXOWLVSHFLHV KHUG KDV EHHQ FRQVLG
HUHG DV FUXFLDO WR WKH VXUYLYDO DQG VXVWDLQDELOLW\ RI 7LEHWDQ SDVWRUDO
LVP &RQJUHVVLRQDO([HFXWLYH &RPPLVVLRQ RQ &KLQD 
%\ WKH VSDWLDO DQG WHPSRUDO VFDOHV DW ZKLFK WKHVH IDFWRUV H[LVW WKH\ FDQ
EH FDWHJRULVHG LQWR WKUHH W\SHV VPDOOVFDOH IDVW FKDQJLQJ IDFWRUV ODUJH
VFDOH VORZO\ FKDQJLQJ IDFWRUV DQG FURVVVFDOH IDFWRUV 7KH IDVW IDFWRUV LQ
FOXGH GLVDVWHUV VXFK DV VQRZVWRUP GURXJKW DQG ILUH DV ZHOO DV OLYHVWRFN
SRSXODWLRQ DQG VRLO HURVLRQ 7KHVH IDFWRUV¶ LPSDFW DUH OLPLWHG WR D VSH
FLILF ORFDOH DQG D SHULRG VRPH FDQ HDVLO\ EH FRQWUROOHG E\ PDQDJHPHQW
6ORZO\ FKDQJLQJ IDFWRUV LQFOXGH VHHG EDQN ELRGLYHUVLW\ FOLPDWH KXPDQ
SRSXODWLRQ VRFLDO HIIHFWLYHQHVV DQG IDLUQHVV DQG WRSRJUDSK\ $W D ODUJHU
VFDOH WKHVH IDFWRUV¶ FKDQJH LV RQO\ SHUFHLYDEOH LQ WKH ORQJ WHUP GHVSLWH
VPDOO IOXFWXDWLRQV LQ VRPH VSHFLILF ORFDWLRQV )LQDOO\ FURVVVFDOH IDFWRUV
VXFK DV WHPSHUDWXUH SUHFLSLWDWLRQ VRLO QXWULHQW DQG JUDVV DYDLODELOLW\
FDQ LQWHUDFW ZLWK ERWK IDVW DQG VORZO\ FKDQJLQJ YDULDEOH DQG KDYH GLIIHU
HQW EHKDYLRXUV DW VPDOO DQG ODUJH VFDOHV
$FFRUGLQJO\ WKH LQWHUDFWLRQ EHWZHHQ WKHVH IDFWRUV FDQ EH FODVVLILHG
LQWR ZLWKLQ DQG FURVVVFDOH LQWHUDFWLRQV DV ZHOO :LWKLQVFDOH LQWHUDF
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WLRQV¶ LPSDFW LV OLPLWHG WR WKH VDPH VFDOH DV WKH VXEMHFW &URVVVFDOH LQ
WHUDFWLRQV DUH WKRVH LQ ZKLFK VPDOOVFDOH SURFHVV LQIOXHQFH D ODUJHVFDOH
DWWULEXWH RU YLFH YHUVD $Q H[DPSOH RI ZLWKLQVFDOH LQWHUDFWLRQ LV WKDW EH
WZHHQ JUD]LQJ DQG ELRGLYHUVLW\ *UD]LQJ LQWHQVLW\ LQIOXHQFH WKH GRPLQDQW
VSHFLHV LQ WKH FRPPXQLW\ DV ZHOO DV WKH VSHFLHV GLYHUVLW\ LQGH[ EXW WKH
LQIOXHQFH LV QRW OLQHDU ,Q GLIIHUHQW VHDVRQV WKH LPSDFW RI JUD]LQJ RQ ELR
GLYHUVLW\ LV GLIIHUHQW :X HW DO  6RPH KHUELYRUH ZLOGOLIH VSHFLHV
VXFK DV 7LEHWDQ DVV PD\ FRPSHWH ZLWK OLYHVWRFN IRU KHUEDJH ZKLOH FDUQL
YRUH VSHFLHV VXFK DV ZROI DQG EHDU DWWDFN OLYHVWRFN DQG RWKHU KHUELYRUHV
DQG UHGXFH WKHLU QXPEHUV <DQJ]RQJ  ([DPSOHV RI FURVVVFDOH LQ
WHUDFWLRQ LQFOXGH WKH LPSDFW RI ZDWHU DYDLODELOLW\ RQ OLYHVWRFN SRSXODWLRQ
DQG GURXJKW RQ ILUH RFFXUUHQFH 6RPH RI WKHVH LQWHUDFWLRQV DUH FURVVVFDOH
EHFDXVH RI WKH IORZ RI PDVV HQHUJ\ RU SHRSOH
6RPH HOHPHQWV LQ WKH PRGHO KDYH ERWK SRVLWLYH DQG QHJDWLYH LQWHUDF
WLRQV DPRQJ WKHP )RU H[DPSOH OLYHVWRFN OLPLW WKH JURZWK RI HGLEOH JUDVV
E\ IRUDJLQJ EXW DW WKH VDPH WLPH WKH\ DOVR LPSURYH WKH QXWULHQW LQ WKH VRLO
DQG KHOS JUDVV VHHGV¶ SURSDJDWLRQ 6LPLODUO\ URGHQWV RQ WKH JUDVVODQGV
IHHG RQ JUDVV DQG GDPDJH VRLO LQ VRPH DUHDV EXW WKH\ DOVR FUHDWH PLFUR
KDELWDW GLVWXUEDQFHV WKDW LQFUHDVH SODQW VSHFLHV ULFKQHVV 6PLWK DQG )RJ
JLQ  7KHVH LQWHUDFWLRQV XVXDOO\ LQYROYHV RWKHU HQWLWLHV LQ WKH V\VWHP
WKHUHIRUH WKH\ DUH QRW XVXDOO\ SUHVHQWHG DV FRPSOH[ LQWHUDFWLRQ EHWZHHQ
WZR HQWLWLHV EXW DQ LQWHUDFWLRQ QHWZRUN ZLWK WKUHH RU PRUH QRGHV ,Q WKH
PDWKHPDWLFDO PRGHO GHULYHG IURP WKH FRQFHSWXDO PRGHO KRZHYHU WKHVH
FRPSOH[ DFWLRQV ZHUH H[SUHVVHG DV ERWK SRVLWLYH DQG QHJDWLYH WHUPV LQ D
FHUWDLQ HQWLW\¶V IXQFWLRQ
 .H\ IXQFWLRQV DQG DWWULEXWHV
7KH NH\ IXQFWLRQV RI JUDVVODQG HFRV\VWHPFDQEH GHILQHG LQ WZR FDWHJRULHV
HFRORJLFDO IXQFWLRQV DQG VRFLDOHFRQRPLF IXQFWLRQV 7KH GHILQLWLRQ RI HFR
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Snowstorm
Livestock
Drought
Fire
Soil Erosion
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Climate change
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Social
 effectivenessSocial fairness
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Slope
Temperature
PrecipitationSoil nutrient
Soil moisture
Water availability
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Economic 
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Market demand
Mobility
)LJXUH  &RQFHSWXDO PRGHO RI 7LEHWDQ SDVWRUDO V\VWHP <HOORZ FLUFOHV GHQRWH VORZO\ FKDQJLQJ FRPSRQHQWV JUHHQ UHFWDQJOHV GHQRWH FURVVVFDOH
FRPSRQHQWV EOXH FLUFOHV GHQRWH IDVW FKDQJLQJ FRPSRQHQWV %ODFN DUURZV DUH ZLWKLQVFDOH LQWHUDFWLRQV ZKLOH EOXH RQHV DUH FURVVVFDOH
)LOOHG DUURZKHDG GHQRWHV SRVLWLYH LPSDFW HPSW\ DUURZKHDG QHJDWLYH LPSDFW DQG HPSW\ GLDPRQG GHQRWHV ERWK SRVLWLYH DQG QHJDWLYH
LPSDFWV FRPELQHG 7KH VL]H RI FLUFOHV DQG ER[HV KDYH QR PHDQLQJ RWKHU WKDQ VHUYLQJ OD\RXW SXUSRVHV
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ORJLFDO IXQFWLRQV GHSHQGVPRUH RQ WKH ORFDWLRQ RUJDQLVDWLRQ DQG VXUURXQG
LQJ HQYLURQPHQW RI WKH V\VWHP EHLQJ VWXGLHG 7KH VLWHVSHFLILF IXQFWLRQV
DUH RIWHQ JLYHQ PRUH ZHLJKW ZKHQ FRQVLGHULQJ WKH NH\ HFRORJLFDO IXQF
WLRQV DV WKH\ DUH XVXDOO\ GHILQLQJ WKH V\VWHP¶V XQLTXH LGHQWLW\ 7KH 7L
EHWDQ JUDVVODQG HFRV\VWHPV VXSSRUWV D UDQJH RI HQGHPLF VSHFLHV GXH WR LWV
KLJKDOWLWXGH ORZWHPSHUDWXUH DQG VHPLDULG HQYLURQPHQW 7KH YHJHWD
WLRQ FUHDWHV DQGPDLQWDLQV D WKLQ OD\HU RI VRLO WKDW LV YLWDO IRU WKH H[LVWHQFH
RI JUDVVODQG HFRORJ\ ,Q WKH ULYHUV¶ VRXUFH DUHD WKH SUHVHQFH RI YHJHWDWLRQ
DQG VRLO VWUXFWXUH DOVR SUHVHUYH ZDWHU HQDEOLQJ \HDUURXQG IORZ 7KHVH
DUH WKH NH\ HFRORJLFDO IXQFWLRQV RI WKH V\VWHP
7KH NH\ VRFLDOHFRQRPLF IXQFWLRQV RI WKH 7LEHWDQ JUDVVODQG V\VWHP GH
SHQGV RQ WKH DLP RI WKH V\VWHP¶V PDQDJHPHQW )RU WKH SDVW RQH WKRXVDQG
\HDUV RU VR WKH SXUSRVH RI SDVWRUDO V\VWHP LQ WKLV DUHD KDV EHHQ VXSSRUW
LQJ D SRSXODWLRQ¶V VXUYLYDO EXW VLQFH WKH PLGWK FHQWXU\ LW KDV JUDGX
DOO\ FKDQJHG WR HFRQRP\GHYHORSPHQW DQG WKH LPSURYHPHQW RI ORFDO OLYLQJ
VWDQGDUG ,W LV VDLG WKDW 7LEHWDQ SDVWRUDOLVWV DUH EHLQJ WUDQVIRUPHG LQWR
UDQFK OLYHVWRFN SURGXFHUV 0LOOHU D 7KHUHIRUH WKH VRFLDOHFRQRPLF
IXQFWLRQ RI WKH V\VWHP KDV WR VKLIW IURP VXSSRUWLQJ VXEVLVWHQFH RQO\ WR
VXSSRUWLQJ ERWK VXEVLVWHQFH DQG D OLYHVWRFN FRPPXQLW\ WKDW KDV VXUSOXV
IRU H[SRUW DQG WUDGH 0RUHRYHU WKH VWDWH KDV VHW WKH VXVWDLQDELOLW\ JRDO IRU
WKH DUHD WKXV WKH SURGXFWLRQ RI WKH V\VWHP VKRXOG PHHW WKH GHPDQGV RI
HFRQRPLF GHYHORSPHQW ZLWKRXW UHQGHULQJ XQFRQWUROOHG HQYLURQPHQWDO
GDPDJLQJ DFWLYLWLHV VXFK DV PLQLQJ QHFHVVDU\ RU HYHQ IDYRXUDEOH
7KH DWWULEXWHV RI WKH V\VWHP VKRXOG VXSSRUW WKHVH IXQFWLRQV 2QH RI
WKH PRVW LPSRUWDQW DWWULEXWHV LV WKH FOLPDWH RI WKLV DUHD :KLOH HQGHPLF
VSHFLHV VXFK DV \DN %RV JUXQQLHQV FDQQRW VXUYLYH LQ ZDUPHU FOLPDWH
FRQGLWLRQV WKH PRUH LPSRUWDQW FOLPDWLF DWWULEXWH LV WKH DELOLW\ RI KLJK
DOWLWXGH ORZ WHPSHUDWXUH DUHDV WR UHWDLQ JODFLHUV WKXV YLWDO ZDWHU VXS
SO\ 0RUH VSHFLILFDOO\ WKH NH\ DWWULEXWHV LQFOXGH WHPSHUDWXUH DQG SUHFLS
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LWDWLRQ SDWWHUQV HYDSRWUDQVSLUDWLRQ DQG WKH LQIOXHQFH RI PRQVRRQ DQG
ZHVWHUOLHV V\VWHP $QRWKHU LPSRUWDQW DWWULEXWH LV WKH VWHSSH DQGPHDGRZ
VRLO 7KH RUJDQLF PDWWHU LQ WKH VRLO LV QRW RQO\ DQ LUUHSODFHDEOH VRXUFH
RI QXWULHQW IRU YHJHWDWLRQ EXW DOVR D VLQN RI RUJDQLF FDUERQ :DQJ HW DO
 7KH SHUPDIURVW OD\HU LV DOVR FULWLFDO WR WKH K\GURORJ\ RI WKH JUDVV
ODQG 7KH SURGXFWLYLW\ RI JUDVV DQG WKH QXPEHU DQG WXUQRYHU RI OLYHVWRFN
DUH WKH PRVW GLUHFW DWWULEXWHV UHSUHVHQWLQJ WKH V\VWHP¶V IXQFWLRQ
7KH VRFLDOHFRQRPLF DWWULEXWHV WKDW DUH LPSRUWDQW IRU WKH V\VWHP¶V UH
VLOLHQFH LQFOXGH ORFDO SHRSOH¶V UHODWLRQVKLS ZLWK WKHLU ODQG DQG WKHLU HIIRUW
LQ FRQVHUYDWLRQ )RU DQ ODUJH HFRQRPLF V\VWHP WR IXQFWLRQ SURSHUO\ WKH
RSHQQHVV RIPDUNHW DQG WUDQVSDUHQF\ RI SULFH LV HVVHQWLDO 7KH SRSXODWLRQ
DQG HFRQRPLF SROLFLHV FDQ HQKDQFH RU GDPSHQ WKH FRPSHWLWLYHQHVV RI WKH
ORFDO HFRQRP\ DQG SURGXFWV WKXV DUH SDUWV RI WKH V\VWHP¶V NH\ DWWULEXWHV
7KH QRWLRQ RI FURVVVFDOH LQWHUDFWLRQV LQ WKH FRQFHSWXDO PRGHO SUR
YLGHV DQRWKHU PHDQV RI LGHQWLI\LQJ NH\ DWWULEXWHV DQG SURFHVVHV &URVV
VFDOH LQWHUDFWLRQV JHQHUDWH QRQOLQHDU EHKDYLRXUV ZKLFK RIWHQ UHVXOW LQ
VXUSULVHV 8VLQJ WKLV FULWHULRQ JUDVV DYDLODELOLW\ OLYHVWRFN SRSXODWLRQ
DQG KXPDQ SRSXODWLRQ DUH SUREDEO\ WKH DWWULEXWHV PRVW ZRUWK H[DPLQ
LQJ LQ WKH V\VWHP
 7HPSRUDO DQG VSDWLDO VFRSH DQG VFDOHJUDQX
ODULW\ RI WKH PRGHO
7KH HVWDEOLVKPHQW RI WKHPRGHO¶V WHPSRUDO DQG VSDWLDO VFRSH UHTXLUHV FRQ
VLGHUDWLRQ RI ERWK QDWXUDO DQG VRFLDO SURFHVVHV 6RPH QDWXUDO SURFHVVHV
VXFK DV UHJHQHUDWLRQ RI JUDVV DUH UHODWLYHO\ UDSLG DQG FDQ EH GLUHFWO\ LQFRU
SRUDWHG LQWR WKH VDPH IUDPHZRUN DV VRFLDO LQWHUDFWLRQV EXW PRVW QDWXUDO
SURFHVVHV WDNH SODFH RYHU D ORQJHU SHULRG WKDW H[FHHGV WKH JHQHUDO WLPH
IUDPH RI PDQDJHPHQW VXFK DV WKH DFFXPXODWLRQ RI VHHG EDQN DQG GHVLF
FDWLRQ RI JUDVVODQG 0RUHRYHU VRPH QDWXUDO SURFHVVHV RFFXU SHULRGLFDOO\
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W\SLFDOO\ZLWK DQ VHDVRQDO RU DQQXDO SDWWHUQ ZKLOH WKH VRFLHW\¶V DGDSWDWLRQ
PD\ WDNH JHQHUDWLRQV RI WLPH 7KH HIIHFWV RI SROLFLHV PD\ EH H[SHFWHG LQ D
ZHOOGHILQHG DUHD EXW PD\ DOVR GLIIXVH WR DGMDFHQW DUHDV ZKLOH WKH LPSDFW
DUHDV RI QDWXUDO LQWHUDFWLRQV DUH PXFK KDUGHU WR GHILQH 6XFK FRPSOH[
LW\ DORQJ ZLWK H[WHQVLYH FURVVVFDOH LQWHUDFWLRQV LQ WKH V\VWHP UHQGHU LW
QHFHVVDU\ WR GHILQH WKH RSWLPDO VFRSH DQG VFDOH RI WKH PRGHO
$QRWKHU FRQVLGHUDWLRQ ZDV WKH DYDLODELOLW\ RI GDWD 0RVW UHPRWH VHQV
LQJ GDWD XVHG LQ WKH VWXG\ ZHUH DYDLODEOH LQ WKH IRUP RI PRQWKO\ RU IRUW
QLJKWO\ DJJUHJDWHG LPDJHV ZKLFK SURYLGH D UHDVRQDEOH WHPSRUDO UHVROX
WLRQ IRU PRVW RI QDWXUDO SKHQRPHQD 1HYHUWKHOHVV WKH FHQVXV GDWD DYDLO
DEOH JHQHUDOO\ DUH DQQXDO 6LPLODUO\ WKH KHUG DQG SDVWRUDO IDPLO\ DUH WKH
GHVLUDEOH XQLW LQ WHUPV RI VWXG\LQJ WKHLU LQWHUDFWLRQ ZLWK WKH JUDVVODQG
EXW WKHLU HIIHFWV RQ JUDVVODQGZHUH RIWHQ DJJUHJDWHG WR WKH SUHIHFWXUH OHYHO
LQ RIILFLDO VWDWLVWLFV
%DVHG RQ WKHVH FRQGLWLRQV WKH WLPH VWHS RI WKH PRGHO ZDV FKRVHQ DV
D \HDU ZLWK FRQVLGHUDWLRQ RI VHDVRQDO YDULDWLRQ RI OLYHVWRFN DQG YHJHWD
WLRQ 7KH PLQLPXP WHPSRUDO JUDQXODULW\ ZDV FKRVHQ DV D PRQWK GXH WR
WKH DYDLODELOLW\ RI UHPRWH VHQVLQJ GDWD ZKLFK DOORZV SKHQRPHQD VXFK DV
ODWH JHUPLQDWLRQ RU DEQRUPDO VQRZ SDWWHUQV WR EH LGHQWLILHG YLD 1'9, ,Q
WHUPV RI VSDWLDO JUDQXODULW\ WKH PRGHO DWWHPSWHG WR PRGHO D W\SLFDO SDV
WRUDO IDPLO\ ZLWK  SHRSOH DQG  VWDQGDUGLVHG VKHHS XQLWV RQH VKHHS
XQLW HTXDOV WR RQH VKHHS RU RQH JRDW RU RQH ILIWK RI D \DN <DQ HW DO 
DQG WKHLU PDQDJHPHQW DQG LPSDFW RQ WKH DOORFDWHG JUDVVODQG 7KH HVWL
PDWLRQ RI W\SLFDO IDPLO\¶V OLYHVWRFN QXPEHU ZDV EDVHG RQ WKH FHQVXV GDWD
IURP  DQG  <DR  7DNXQJ 3DR ZHEVLWH 
7KH VSDWLDO VFRSH ZDV PDLQO\ 1RUWKHUQ DQG :HVWHUQ 7LEHW VRXWK RI
7KDQJXOD 0RXQWDLQV DQG QRUWK RI 1LDQJTLHQ 7KDQJOKD 0RXQWDLQV 7KH
SDVWRUDOLVP LQ WKHVH DUHDV IROORZ VLPLODU VFKHPH GXH WR FRPSDUDEOH FOL
PDWH FRQGLWLRQV DQG DUH GLIIHUHQW IURP WKH VHGHQWDU\ DJURSDVWRUDOLVP LQ
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WKH VRXWKHUQ ORZDOWLWXGH DUHDV 7KH WHPSRUDO VFRSH ZDV VHW WR  \HDUV
LQ WKH IXWXUH DVVXPLQJ JOREDO FOLPDWH FKDQJH LV FDXVLQJ UHWUHDW RI JODFLHUV
DQG GHJUDGDWLRQ RI SHUPDIURVW DV ZHOO DV DOWHUHG WHPSHUDWXUH DQG SUHFLS
LWDWLRQ SDWWHUQV $ ORQJHU VLPXODWLRQ SHULRG IRU WKH PRGHO LV GHVLUDEOH
EXW GLIILFXOW WR DFKLHYH DV PRUH XQFHUWDLQW\ PD\ EH LQWURGXFHG LQ WKH ORQJ
WHUP
 0RGHO RI 7LEHWDQ JUDVVODQG
)URP WKH FRQFHSWXDO PRGHO DQG NH\ DWWULEXWHV LGHQWLILHG LW ZDV GHFLGHG
WR XVH JUDVV DYDLODELOLW\ DQG OLYHVWRFN SRSXODWLRQ DV VXUURJDWHV RI UHVLO
LHQFH 7KH UDWLRQDOH IRU FKRRVLQJ WKHP LQFOXGHG WKHLU NH\ UROH LQ WKH JUDVV
ODQG VRFLDOHFRORJLFDO V\VWHP DQG VXSSRUWLQJ ORFDO SRSXODWLRQV DV ZHOO DV
WKH UHODWLYH HDVLQHVV RI REWDLQLQJ GDWD IURP UHPRWHO\VHQVHG LPDJHV DQG
XWLOLVHV H[LVWLQJ PRGHO
7KH PRGHO ZDV EDVHG RQ RWKHU JUDVVODQG G\QDPLF PRGHOV 7KH KLJK
DOWLWXGH PHDGRZV DQG VWHSSHV RQ WKH 7LEHWDQ 3ODWHDX DUH DGDSWHG WR WKH
VKRUW JURZWK VHDVRQ OLPLWHG ZDWHU DYDLODELOLW\ DQG XQHTXDO SUHFLSLWDWLRQ
0DQ\RWKHU JUDVVODQGUDQJHODQGPRGHOV FRQVLGHU WKH FRPSHWLWLRQ EHWZHHQ
VKUXE RU RWKHU ZRRG\ SODQW DQG JUDVV EXW GXH WR WKH XQLTXH JUDVVODQG
HQYLURQPHQW LQ 7LEHW GHWHUPLQHG E\ KLJK DOWLWXGH DQG VKRUW JURZWK VHD
VRQV VXFK FRPSHWLWLRQ KDV D YHU\ OLPLWHG VSDWLDO FRQWH[W %HVLGHV XQOLNH
VDYDQQDKV RU$XVWUDOLD UDQFKHV WKH GRPLQDQW VKUXE VSHFLHV%XVK&LQTXH
IRLO 3RWHQWLOOD IUXWLFRVD LV HGLEOH E\ WKH OLYHVWRFN DQG SURYLGHV VXPPHU
JUD]LQJ IRRG .OHLQ HW DO  DOWKRXJK VKUXE FRPSHWLWLRQ FRXOG EH XVHG
DV DQ LQGLFDWRU RI GHVHUWLILFDWLRQ /L HW DO  7KH PDMRU LQWHUDFWLQJ
IDFWRUV LQ WKH PRGHO LQFOXGHG JUD]LQJ GLVDVWHUV DQG RFFDVLRQDO ILUH
7KHPRGHO ZDV UHODWLYHO\ VLPSOH LQ WKDW LW VLPXODWHV WKH JURZWK RI JUDVV
DQG VKUXEZLWKRXW DGGUHVVLQJ WKH XQGHUO\LQJ GULYHUV RI YHJHWDWLRQ JURZWK
VXFK DV VRLO PRLVWXUH FRQWHQW DQG WKH SK\VLRORJ\ RI YDULRXV JUDVV DQG
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VKUXE VSHFLHV 7KLV ZDV GXH WR WKH SUDFWLFDO GLIILFXOW\ LQ REWDLQLQJ WKHVH
GDWD 2Q WKH RWKHU KDQG IRU D IXOO\ SDUDPHWHULVHG YHJHWDWLRQ G\QDPLF
PRGHO WKH SDUDPHWHUV YDOLG IRU RQH ORFDWLRQ RIWHQ FDQQRW EH DSSOLHG WR DQ
RWKHU WKXV WKH DSSOLFDWLRQ RI WKHVH PRGHOV LQ 7LEHW¶V HQYLURQPHQW ZRXOG
EH H[WUHPHO\ WLPHFRQVXPLQJ LI PHHWLQJ WKH GDWD UHTXLUHPHQW ZDV SRVVL
EOH ,QVWHDG WKHPRGHO IRFXVHV RQ DVSHFWV WKDW FDQ EHPHDVXUHG E\ UHPRWH
VHQVLQJ DQG ZDV SDUDPHWHULVHG IURP UHPRWH VHQVLQJ REVHUYDWLRQV DQG
RWKHU SXEOLVKHG PHDVXUHPHQWV RU VWDWLVWLFV 7KH PRGHO FRQWDLQHG JUDVV
DQG VKUXE JURZWK IXQFWLRQV EDVHG RQ LQWUD DQG LQWHUVSHFLHV FRPSHWLWLRQ
DV ZHOO DV UDQGRPO\ JHQHUDWHG GLVWXUEDQFH GULYLQJ FKDQJHV %HORZ LV D
GHVFULSWLRQ RI PRGHO FRQVWUXFWLRQ SURFHVV
,Q DUHDV ZLWK VKUXE FRPSHWLWLRQ WKH UDWH RI FKDQJH RI JUDVV GHQVLW\
ZDV H[SUHVVHG DV /XGZLJ HW DO 
d g
d t
= rg g (1− s − c g g g − cw g w ) 
ZKHUH g LV WKH JUDVV GHQVLW\ w WKH ZRRG\ SODQW GHQVLW\ rg LV UHODWLYH
JURZWK UDWH DQG c g g DQG cw g DUH FRPSHWLWLRQ FRHIILFLHQWV RI JUDVV¶V LQWUD
VSHFLHV FRPSHWLWLRQ DQG VKUXEJUDVV FRPSHWLWLRQ 7KH SDUDPHWHU s ZDV
GHWHUPLQHG E\ JUD]LQJ LQWHQVLW\ VHH (TXDWLRQ  7KH UDWH RI ZRRG\
SODQW JURZWK ZDV UHSUHVHQWHG E\ HTXDWLRQ
d w
d t
= rw [a +w (1− c g w g − cw w w )] 
ZKHUH rw LV UHODWLYH JURZWK UDWH c g w DQG cw w DUH FRPSHWLWLRQ FRHIILFLHQWV
DQG a LV D VRXUFH WHUP LH QHZO\ LQWURGXFHG YHJHWDWLRQ
7KH ILUH ULVN ZDV HVWLPDWHG E\PRGHOOLQJ WKH IXHO DYDLODELOLW\ )LUVW WKH
JUDVV SURGXFWLRQ LV JLYHQ DV
g p = rg g +a g 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ZKHUH a g LV D VRXUFH WHUP ZKLOH rg LV WKH UDWH RI JUDVV SURGXFWLRQ DYDLO
DEOH IRU JUD]LQJ 7KH JUDVV QRW FRQVXPHG E\ JUD]LQJ FDQ EH SRWHQWLDO IXHO
GHQRWHG E\ g f  WKXV
g f = g p (1− s ) 
(TXDWLRQ  ZDV WKHUHIRUH UHSODFHG E\ HTXDWLRQ 
d g
d t
= g f − g p (c g g g + cw g w ) 
7KH DJH RI ZRRG\ SODQWV LQIOXHQFH WKHLU VXVFHSWLELOLW\ WR ILUH ,QWURGXFLQJ
D QHZ YDULDEOH h GHQRWLQJ WKH SURGXFW RI WKH ZRRG\ SODQWV GHQVLW\ DQG
WKH DYHUDJH DJH RI WKH ZRRG\ SODQWV WKH G\QDPLFV RI w DQG h FRXOG EH
UHSUHVHQWHG DV
d w
d t
= rw w (1− c g w w − cw w w − s )− f w +a w 
d h
d t
= w − r f f h 
7KH ILUH ULVN f ZDV GHILQHG E\ D ILUH SRWHQWLDO p ZKLFK LV SURSRUWLRQDO WR
WKH DYDLODEOH IXHO
p =

c f g f LI h > 20
c f g f h/20 RWKHUZLVH

f = p
hα
(w a 0)α+hα

ZKHUH a 0 LV DQ DJH DW ZKLFK WKH ILUH ULVN LV DERXW D KDOI RI LWV PD[LPXP
WKH SDUDPHWHU α GHWHUPLQHV WKH VWHHSQHVV RI WKH LQFUHDVH RI ILUH ULVN ZLWK
DJH
,Q 7LEHWDQ 3ODWHDX¶V FRQWH[W KRZHYHU WKH DJH VWUXFWXUH RI ZRRG\ YHJ
HWDWLRQ LV QRW FOHDU 7KH JURZWK RI WKH GRPLQDQW VKUXE VSHFLHV %XVK &LQ
TXHIRLO 3RWHQWLOOD IUXWLFRVD DQG LWV DELOLW\ WR SURYLGH IXHO GRHV QRW YDU\
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ZLWK LWV DJH WKHUHIRUH RQO\ WKH ILUVW FDVH LQ HTXDWLRQ  ZDV XVHG LH
p = c f g f  ZKLFK FDQ EH IXUWKHU VLPSOLILHG DV p = c f g  E\ LQFRUSRUDWLQJ WKH
SURSRUWLRQ RI IXHO LQ JUDVV ELRPDVV LQ c f  )LUH ULVN f ZDV WKXV QRW D IXQF
WLRQ RI DYHUDJH DJH h EXW D IXQFWLRQ RI p  %HFDXVH JURZWK RI JUDVV LV DOVR
DIIHFWHG E\ ILUH HTXDWLRQ  ZDV IXUWKHU PRGLILHG DV
d g
d t
= g f − g p (c g g g + cw g w )− c f g × g 
*UDVVODQG YHJHWDWLRQ DOVR IDFHV FOLPDWLF GLVWXUEDQFH VXFK DV VQRZVWRUPV
)RU WKH VSHFLILF VSDWLDO VFDOH RI WKH PRGHOOLQJ FOLPDWH HYHQWV GR QRW LP
SDFW D KRXVHKROG RU D SUHIHFWXUH HYHU\ \HDU EXW DUH SUHVHQWHG DV VWRFKDVWLF
HYHQWV 2Q D ODUJHU VSDWLDO SHUVSHFWLYH VLJQLILFDQW FOLPDWLF GLVWXUEDQFHV
GR WDNH SODFH DOPRVW HYHU\ \HDU 7KH HIIHFWV RI WKHVH GLVWXUEDQFHV LQFOXGH
ERWK VKRUWWHUP DQG ORQJWHUP RQHV ,Q WKH VKRUW WHUP JUDVV LV FRYHUHG RU
GHVWUR\HG DQG WKH SRSXODWLRQ RI OLYHVWRFN LV UHGXFHG GXH WR ODFN RI IRUDJH
LQ WKH ORQJHU WHUP WKHVH GLVWXUEDQFHV UHGXFH WKH DYDLODELOLW\ DQG YLDELOLW\
RI WKH VHHG EDQN DV ZHOO DV WKH DELOLW\ RI WKH KHUG WR UHSURGXFH DQG UHFRYHU
,Q RUGHU WR LQFRUSRUDWH GLVWXUEDQFHV LQWR WKH JUDVVODQG PRGHO YDULDEOHV
e g  ew DQG e l ZHUH GHILQHG ZKLFK GHQRWH WKH LPSDFW RI GLVWXUEDQFHV RQ WKH
VRXUFH WHUP RI JUDVV DQG VKUXE DQG RQ JUD]LQJ LQWHQVLW\ OLYHVWRFN QXP
EHUV UHVSHFWLYHO\ :KHQ ERWK JUDVV DQG VKUXE DUH DYDLODEOH OLYHVWRFN
ZLOO IRUDJH ERWK DQG WKH UDWLR RI VKUXE DQG JUDVV LQ WKH IRUDJH LV DVVXPHG
WR EH HTXDO WR WKH UDWLR RI VKUXE DQG JUDVV DYDLODEOH 7KH GLVWXUEDQFH RQ
JUDVV ZLOO LQIOXHQFH LWV DYDLODELOLW\ DQG OLYHVWRFN ZLOO WXUQ WR VKUXE DV DQ
DOWHUQDWLYH VRXUFH RI IRUDJH 7KHUHIRUH HTXDWLRQ  DQG  FDQ EH
ZULWWHQ DV
d g
d t
= (rg g +a g )× [1− s ×
g
w + g
+ e l − e g ]− (rg g +a g )(c g g g + cw g w )− c f g
2
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d w
d t
= rw w [1− s ×
w
w + g
− c g w g − cw w w − (e g − e l )]
− g × c f g f w +(a w − rw w × ew ), e l < s 
7KH LPSDFW RI GLVWXUEDQFH LWVHOIZDV D GHFD\LQJ IXQFWLRQ RI WLPH $GRSW
LQJQRPDGLF RU VHGHQWDU\ SDVWRUDOLVPKDV GLIIHUHQW LQIOXHQFHV RQ WKH IXQF
WLRQ )RU QRPDGLF SDVWRUDOLVP WKH SRVVLELOLW\ RI HQFRXQWHULQJ D VKRUW WHUP
GLVWXUEDQFH VXFK DV D VQRZVWRUP LV JUHDWHU DQG LW WDNHV OHVV WLPH WR UH
FRYHU IURP VXFK GLVWXUEDQFH GXH WR PRUH EDODQFHG OLYHVWRFN VH[ UDWLR ,Q
FRPSDULVRQ VHGHQWDU\ SDVWRUDOLVP LV PRUH VXVFHSWLEOH WR ORQJ WHUP GLV
WXUEDQFHV RI UHVRXUFHV VXFK DV GURXJKW %RWK VFKHPHV PD\ WDNH FRQVLG
HUDEOH WLPH WR UHFRYHU IURP ORQJ WHUP GLVWXUEDQFHV 7KXV WKH HTXDWLRQV
IRU e g  ew DQG e l ZHUH IRUPXODWHG DV
e g ,w ,l = e i exp [ce (1− t )], t ≥ 1, ce > 0 
e i+1 = e g ,w ,l + e i 
ce i+1 = ce ×exp (−1) 
ZKHUH e0 LV WKH LQLWLDO LPSDFW ce LV D SDUDPHWHU GHWHUPLQLQJ WKH VSHHG RI
UHFRYHU\ IURP WKH LPSDFW ZLWK D VPDOO YDOXH GHQRWLQJ VORZ UHFRYHU\ RU
ORQJ WHUP LPSDFW 7KH UHDVRQ WR XVH DQ H[SRQHQW LQ ERWK HTXDWLRQ 
DQG  ZDV EHFDXVH WKH EDVLF SDWWHUQ RI D GLVWXUEHG SRSXODWLRQ¶V UH
FRYHU DQG WKH WLPH VHULHV RI GLVWXUEDQFH RIWHQ IROORZ D H[SRQHQWLDO GHFD\
SDWWHUQ HJ 'RXJODV DQG 7UXVWUXP  %HUU\PDQ  $ QHZ GLV
WXUEDQFH FDQ EH VXSHULPSRVHG RQ DQ H[LVWLQJ QRW IXOO\ UHFRYHUHG GLVWXU
EDQFH DV HTXDWLRQ  VKRZV ,Q WKLV FDVH WKH LPSDFW ZDV HTXDO WR WKH
LQLWLDO LPSDFW RI WKH QHZGLVWXUEDQFH SOXV WKH UHPDLQLQJ LPSDFW RI WKH SUH
YLRXV GLVWXUEDQFH WKH UHFRYHU\ FRHIILFLHQW WR 1/e RI WKDW RI WKH SUHYLRXV
GLVWXUEDQFH
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,Q RUGHU WR VLPXODWH WKH RFFXUUHQFH RI GLVWXUEDQFH ZKHWKHU e g ,w ,l ZDV
DGGHG LQWR WKH HTXDWLRQ ZDV GHWHUPLQHG E\ D VLPSOH SUREDELOLW\ WHVW 'XH
WR WKH IDFW WKDW (O 1LxR HYHQWV LPSDFW WKH DUHD HYHU\  ±  \HDUV DQG VQRZ
VWRUPV VWULNH DOPRVW HYHU\ RWKHU \HDU WKH SUREDELOLW\ RI D GLVWXUEDQFH
WDNLQJ SODFH LQ D \HDU ZDV VHW WR  IRU D QRPDGLF V\VWHP DQG  IRU
D VHGHQWDU\ V\VWHP 7KHUHIRUH WKH WRWDO QXPEHU RI GLVWXUEDQFH LQ D JLYHQ
WLPH VHULHV IROORZHG D ELQRPLDO GLVWULEXWLRQ
7KH LQLWLDO LQWHQVLW\ RI HDFK GLVWXUEDQFH e i g ,w ,l ZDV IROORZLQJ D GLVWUL
EXWLRQ NQRZQ DV WKH JHQHUDOLVHG H[WUHPH YDOXH *(9 ZKRVH FXPXODWLYH
GLVWULEXWLRQ IXQFWLRQ LV ZULWWHQ DV .DW] HW DO 
F (e i ;µ,σ,ξ) =

e x p{−[1+ξ(e i −µ)/σ]−1/ξ}, 1+ξ(x −µ)/σ> 0 ξ ̸= 0
e x p{−e x p [−(e i −µ)/σ]} ξ= 0

7KH YDOXH RI µ OLNH LWV FRXQWHUSDUW LQ D QRUPDO GLVWULEXWLRQ WHOOV ZKHUH
WKH GLVWULEXWLRQ LV ³FHQWUHG´ DQG σ WHOOV KRZ WKH GLVWULEXWLRQ ³VSUHDG´
7KH VLJQ RI ξ GHWHUPLQHV WKH VKDSH RI WKH FXUYH RI FXPXODWLYH GLVWULEX
WLRQ IXQFWLRQ $V HQYLURQPHQWDO IOXFWXDWLRQV DUH EHVW GHVFULEHG E\ WKH 1/ f
³SLQN´ QRLVH SDWWHUQ ZKLOH WKHLU IUHTXHQF\ DQG LQWHQVLW\ IROORZV D SRZHU
ODZ UHODWLRQVKLS +DOOH\  WKH FDVH WKDW ξ > 0 ZDV FRQVLGHUHG DV D
PRUHSODXVLEOH GLVWULEXWLRQ LQ WKLV VWXG\ (TXDWLRQ  WKHUHIRUH \LHOGHG
D KHDY\WDLOHG )UqFKHW GLVWULEXWLRQ $V WKH ')$ DQDO\VLV VHH VHFWLRQ
 VKRZHG WKDW WKH V\VWHP ZDV GRPLQDWHG E\ SRVLWLYH IHHGEDFN DQG
JUHDWHU GLVWXUEDQFH WHQG WR WDNH SODFH DIWHU D SUHYLRXV GLVWXUEDQFH D XQL
IRUPO\ GLVWULEXWHG UDQGRP YDULDEOH ZKRVH UDQJH ZDV GHWHUPLQHG E\ WLPH
t ZDV DGGHG WR e i WR VLPXODWH SRVVLEOH JUHDWHU GLVWXUEDQFH
7KH JURZWK UDWH RI JUDVV rg  ZDV HVWLPDWHG E\ FDOFXODWLQJ WKH UDWLR
RI DQQXDO GU\ PDWWHU SURGXFWLRQ  t/ha/a WR WKH WRWDO JUDVV ELRPDVV
PHDVXUHG E\ GU\PDWWHU LQ WKH DUHD  ±  t/ha/a'RQJ HW DO  )DQ
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HW DO  ZKLFK JDYH rg   ±  7KH JURZWK UDWH RI VKUXEV rw
ZDV HVWLPDWHG VLPLODUO\ XVLQJ GDWD IURP /XR HW DO  ZKLFK \LHOGHG
rw   ± 
$W SUHVHQW WKH 7$5 KDV OLYHVWRFN HTXDO WR  PLOOLRQ VWDQGDUG VKHHS
XQLWV GLVWULEXWHG RYHU SDVWXUHV ZLWK DQ DUHD RI  PLOOLRQ KD +RZHYHU
WKH DFWXDO ORDG RQ WKH JUDVVODQG LV XVXDOO\ KLJKHU GXH WR WKH XQEDODQFHG
GLVWULEXWLRQ RI SDVWXUHV DQG OLYHVWRFN 7KH DFWXDO W\SLFDO ORDG LV DERXW 
VWDQGDUG VKHHS XQLWV SHU KHFWDUH 'RQJ HW DO  VXJJHVWHG WKDW  ±
 t GU\ PDWWHU HDFK \HDU ZDV QHHGHG WR VXSSRUW D VWRFNLQJ UDWH DW  ±
 VWDQGDUG VKHHS XQLWV WKXV RQ DYHUDJH  t GU\ PDWWHU ZDV QHHGHG WR
VXSSRUW WKH DYHUDJH VWRFNLQJ UDWH WKLV JDYH D JUD]LQJ LQWHQVLW\ RI
s = 1.5/4.0 = 0.38 
7KH VRXUFH WHUP a FRXOG QRW EH GHWHUPLQHG IURP DYDLODEOH GDWD ZKLFK
FRQWDLQV QR LQIRUPDWLRQ RQ WKH SUREDELOLW\ RI VHHG SURGXFWLRQ SURSDJD
WLRQ DQG HVWDEOLVKPHQW 7KHUHIRUH a g DQG a w ZHUH FRQVLGHUHG DV SDUW RI
rg DQG rw UHVSHFWLYHO\ DQG QRW H[SOLFLWO\ LQFRUSRUDWHG LQ WKH PRGHO 7KLV
LV MXVWLILHG E\ WKH IDFW WKDW rg DQG rw DUHPHDVXUHG LQ FRQWUROOHG FRQGLWLRQV
QR JUD]LQJ DQG WKH PRGHO GRHV QRW FRQVLGHU SURSDJDWLRQ IURP RWKHU OR
FDWLRQV WKXV rg DQG rw FDQ EH FRQVLGHUHG DV UHSUHVHQWLQJ DOO JURZWK RI
YHJHWDWLRQ 7KH FRPSHWLWLRQ FRHIILFLHQW XVHG WKH VXJJHVWHG YDOXH LQ *XQ
GHUVRQ DQG 3ULWFKDUG  DQG -DQVVHQ HW DO  UHGXFHG WR VXLW
rg JLYHQ DERYH ZKLFK JDYH cw g = 0.16 c g w = 0.16 c g g = 0.2 DQG cw w = 0.2
%HFDXVH WKH DFWXDO rg  rw  DQG c YDOXHV ZHUH QRW FOHDU LQ WKH FDVH RI WKH
7LEHWDQ 3ODWHDX LW KDG WR EH DVVXPHG WKDW D QXOO PRGHO H[LVWHG LQ ZKLFK
WKH DEXQGDQFH RI ERWK JUDVV DQG VKUXEV ZHUH DSSUR[LPDWHO\ FRQVWDQW %\
VHDUFKLQJ IRU WKH QXOO PRGHO WKH VXLWDEOH SDUDPHWHU VHW FRXOG EH IRXQG
7KH FRHIILFLHQWV IRU WKH GLVWXUEDQFH PRGHO ZHUH GHWHUPLQHG DUELWUDU
LO\ $ VHULHV RI e g ,w ,l YDOXHV UDQJLQJ IURP  WR  ZHUH WHVWHG DV ZHOO DV
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ce YDOXHV IURP  WR  7KH ILUH ULVN c f ZDV VHW WR  LQ *XQGHUVRQ DQG
3ULWFKDUG  EXW ZDV VHW WR  LQ WKLV VLPXODWLRQ WR UHIOHFW WKH LJQRU
DEOH ILUH ULVN RI JUDVVODQG GXH WR ODFN RI IXHO RQ WKH 7LEHWDQ 3ODWHDX 0LHKH
HW DO  7KH SDUDPHWHUV RI WKH SUREDELOLW\ RI GLVWXUEDQFH ZHUH VHW WR
µ= 1σ= 0.25 ξ= 0.1 WR VLPXODWH WKH GLVWULEXWLRQ RI GLVWXUEDQFH LQZKLFK
ODUJHU GLVWXUEDQFH LV UDUHU
7KH PRGHO¶V FRPSXWDWLRQDO LPSOHPHQWDWLRQ ZDV FDUULHG RXW LQ 5 ODQ
JXDJH ZKLFK LV VLPLODU WR WKH 6 ODQJXDJH GHYHORSHG E\ %HOO /DERUDWRULHV
5 'HYHORSPHQW &RUH 7HDP  7KHUH ZHUH WKUHH IXQFWLRQV RQH RI
ZKLFK UHDG GDWD IURP D $6&,, ILOH DQRWKHU UDQ WKH PRGHO VLPXODWLRQ DQG
D WKLUG LQWURGXFH VWRFKDVWLF GLVWXUEDQFHV
7KH LQSXW ILOH KDG WZR FROXPQV 7KH ILUVW ZDV WKH QDPHV RI SDUDPHWHUV
PHUHO\ IRU WKH VDNH RI UHDGDELOLW\ WKH VHFRQG FRQWDLQHG FRUUHVSRQGLQJ
YDOXHV RI WKHVH SDUDPHWHUV 7KH WZR FROXPQV ZHUH VHSDUDWHG E\ D FKDU
DFWHU VXFK DV D VSDFH RU D FRPPD %\ FKDQJLQJ WKH YDOXHV LQ WKH LQSXW
ILOH GLIIHUHQW VHWWLQJV RU VFHQDULRV ZLWK GLIIHULQJ FRPSHWLWLRQ OHYHO GLV
WXUEDQFH LQWHQVLW\ DQG SUREDELOLW\ ZHUH VLPXODWHG 7KH GHWDLOHG 5 VFULSW
DQG LQSXW ILOH IRUPDW FDQ EH IRXQG LQ WKH DSSHQGL[ $
$ VHULHV RI SRVVLEOH VLWXDWLRQV DQG VFHQDULRV ZHUH WKHQ GHILQHG WR ILQG
RXW KRZ WKH V\VWHP¶V JUDVV SURGXFWLYLW\ DQG UHVLOLHQFH FKDQJH ZLWK WKH UH
VRXUFH DYDLODELOLW\ DGDSWDELOLW\ FRPSRVLWLRQ DQG LQVWLWXWLRQV RI WKH V\V
WHP 7KH VFHQDULRV LQFOXGHG
 $IWHU  \HDUV RI QRPDGLF SUDFWLFH WKH V\VWHP LV WUDQVIRUPHG LQWR
D UDQFKEDVHG V\VWHP VLPLODU WR WKDW LQ $XVWUDOLD WKHQ WKH QHZ V\V
WHP FRQWLQXHV WR RSHUDWH IRU  \HDUV ,Q DQG DIWHU WKH WUDQVLWLRQ
WKH UHFRYHU\ UDWH IRU YHJHWDWLRQ DQG OLYHVWRFN GHFUHDVHV ZKLOH WKH
SUREDELOLW\ RI GLVWXUEDQFH EHFRPHV VPDOOHU LH WKH V\VWHP LV OHVV
OLNHO\ WR HQFRXQWHU GLVWXUEDQFHV DQG OHVV OLNHO\ WR UHFRYHU LQ D VKRUW
SHULRG DV GLVFXVVHG HDUOLHU 7KH JUD]LQJ LQWHQVLW\ LV DOVR KLJKHU LQ

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WKH UDQFKEDVHG V\VWHP
 &OLPDWH FKDQJH FDXVHV WKH V\VWHP¶V UDWH RI UHFRYHU\ WR GURS DQG WKH
SUREDELOLW\ RI ILUH DQG RWKHU GLVWXUEDQFH WR LQFUHDVH 7KH GLPLQ
LVKLQJ SHUPDQHQW IURVW OD\HU FDXVHV WKH ZDWHU DYDLODELOLW\ WR UHGXFH
WKHUHIRUH WKH JURZWK UDWH DQG YHJHWDWLRQ DYDLODELOLW\ GURSV
 7KH XUEDQLVDWLRQ LQ VRPHDUHDV OHDGV WR OHVV SDVWRUDOPDQDJHPHQW LQ
WKH V\VWHP WKH JUD]LQJ LQWHQVLW\ LV UHGXFHG DV ZHOO DV WKH DYDLODELOLW\
RI JUDVV
 7KH FRPELQHG HIIHFW RI WKH VFHQDULRV DERYH
 &KDQJHG FRPSHWLWLRQ FRHIILFLHQW IRU JUDVV DQG ZRRG\ SODQWV
 &KDQJHG FRPSRVLWLRQ RI JUDVV DQG VKUXE
 ,QFUHDVHG SRSXODWLRQ FDXVLQJ FRQVWDQWO\ LQFUHDVLQJ JUD]LQJ LQWHQ
VLW\ ZKLOH WKH V\VWHP LV HPSOR\LQJ UDQFKLQJ SUDFWLFH
7KH VFHQDULRV ZHUH EXLOW EDVHG RQ WKH WUHQG RI SRSXODWLRQ LQFUHDVH DQG
ZDUPHU GULHU FOLPDWH SURMHFWLRQ 1LX HW DO  'X HW DO  ,Q
UDQFKLQJ SUDFWLFH WKH V\VWHP LV PDQDJHG WR RSWLPLVH WKH SURGXFWLRQ RI
JUDVV WKXV WKH FRPSHWLWLRQ FRHIILFLHQW DQG WKH FRPSRVLWLRQ RI JUDVV DQG
VKUXE ZLOO FKDQJH
7KH FRQVWUXFWLRQ RI WKH PRGHO ZDV D GHULYDWLRQ RI D PRGHO EDVHG RQ
$XVWUDOLDQ UDQJHODQG /XGZLJ HW DO  ZKLFK KDV VLPLODU HFRORJ\ DV
SHFW WR WKDW RI 7LEHW EXW D GLIIHUHQW PDQDJHPHQW V\VWHP 7KXV WKH PRGHO
PLJKW QRW UHIOHFW DFWXDO JUDVVVKUXE DQG JUD]LQJ G\QDPLFV RQ WKH 7LEHWDQ
3ODWHDX 7KHUHIRUH D IHZDOWHUHG FRQVWUXFWLRQV RI WKHPRGHOZHUH DWWHPSWHG
WR H[DPLQH VRPH SRVVLEOH UHVXOWV RI WKH SODWHDX¶V XQLTXH HFRWRQH FRPSR
VLWLRQ DQG JUD]LQJ PDQDJHPHQW SUDFWLFH 7KHVH DOWHUDWLRQV RI WKH PRGHO
LQYROYHG FKDQJHV LQ WKH PRGHO PHFKDQLVP RU WKH SDUDPHWHU VHW 7KH DO
WHUDWLRQV DWWHPSWHG LQFOXGHG
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 $EVROXWH JUD]LQJ LQWHQVLW\ LV D FRQVWDQW YDOXH LQVWHDG RI EHLQJ SUR
SRUWLRQDO WR JUDVV DQG VKUXE DYDLODELOLW\
 7KH LQLWLDO DEXQGDQFH RI HLWKHU JUDVV RU VKUXE LV 
 7KHUH LV QR LQWHUVSHFLHV FRPSHWLWLRQ DV ERWK JUDVV DQG VKUXE VSHFLHV
RFFXS\ WKHLU RZQ RSWLPXP QLFKH ZKLFK LV QRW SRVVLEOH IRU RWKHU
SODQW VSHFLHV WR HVWDEOLVK
 7KH QXPEHU RI OLYHVWRFN LV NHSW FRQVWDQW
 6SDWLDOLVDWLRQ RI WKH PRGHO
,Q RUGHU WR H[SORUH PRUH PHFKDQLFV EHKLQG WKH G\QDPLFV RI JUD]LQJ DQG
YHJHWDWLRQ WKHPRGHOZDV IXUWKHU GHYHORSHG E\ DGGLQJ VSDWLDO GLPHQVLRQV
LQWR WKH GHVLJQ 7KH DGGLWLRQ DOORZHG WKH UHVHDUFKHU WR VWXG\ WKH LPSDFW
RI VSDWLDO KHWHURJHQHLW\ DQG WKH VSDWLDO SURFHVVHV 7KH PRGHO ZDV UHFRQ
VWUXFWHG E\ DOORFDWLQJ SDUDPHWHU YDOXHV WR UDVWHU PDSV RI WKH DUHD ZKLOH
WKH FDOFXODWLRQ LQYROYLQJ LQGLYLGXDO SDUDPHWHUV ZDV QRZ FDUULHG RXW ZLWK
PDWUL[ FDOFXODWLRQV
 &RQVWUXFWLRQ RI SDUDPHWHU UDVWHUV
7KH SDUDPHWHU UDVWHUV UHTXLUHG LQ WKH PRGHO ZHUH LGHQWLILHG DFFRUGLQJ
WR WKH G\QDPLF PRGHO GHVFULEHG LQ 6HFWLRQ  EDVHG RQ WKH PDS RI
YHJHWDWLRQ W\SHV LQ WKH DUHD 7KHPDWULFHV UHTXLUHG E\ WKHPRGHO LQFOXGHG
 0DWULFHV RI DEXQGDQFHV RI JUDVV DQG VKUXE
 $ PDWUL[ RI VWRFKDVWLF GLVWXUEDQFHV
 *UD]LQJ LQWHQVLWLHV
 ,QWUDVSHFLHV DQG LQWHUVSHFLHV FRPSHWLWLRQ

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 5DWHV RI YHJHWDWLRQ DQG OLYHVWRFN UHFRYHU\ IURP GLVWXUEDQFHV
 *URZWK UDWHV RI JUDVV DQG VKUXE
 /DQGFRYHU DQG /DQG XVH W\SHV
7KH PDWUL[ RI DEXQGDQFH RI JUDVV DQG VKUXE ZDV FRQVWUXFWHG XVLQJ
ODQGFRYHU W\SH GDWD IURP+DQVHQ HW DO  7KH ODQGFRYHU LQ WKLV DUHD
FDQ EH FDWHJRULVHG LQWR  W\SHV ZDWHU  ZRRGODQG  ZRRGHG JUDVV
ODQG  FORVHG VKUXEODQG  RSHQ VKUXEODQG  JUDVVODQG  FURS
ODQG  EDUH JURXQG  DQG XUEDQEXLOW  )RU HDFK W\SH D LQLWLDO
DEXQGDQFH RI JUDVV DQG VKUXE LV VHW DV LQ 7DEOH 
7DEOH  7KH LQLWLDO JUDVV DQG VKUXE DEXQGDQFH YDOXH DOORFDWHG WR YDU
LRXV ODQG FRYHU W\SHV
&RGH 7\SH *UDVV DEXQGDQFH 6KUXE DEXQGDQFH
 :DWHU  
 :RRGODQG  
 :RRGHG JUDVVODQG  
 &ORVHG VKUXEODQG  
 2SHQ VKUXEODQG  
 *UDVVODQG  
 &URSODQG  
 %DUH JURXQG  
 8UEDQEXLOW  
7KH PDWUL[ RI GLVWXUEDQFH ZDV JHQHUDWHG E\ UDQGRPO\ VHOHFWLQJ WKH
ORFDWLRQV ZKHUH GLVWXUEDQFHV WDNH SODFH 7KH RWKHU VWRFKDVWLF FKDUDFWHU
LVWLFV RI WKH GLVWXUEDQFHV ZDV GHWHUPLQHG E\ SUREDELOLW\ GLVWULEXWLRQ VLP
LODU WR WKDW GHVFULEHG LQ 6HFWLRQ  7KH SDUDPHWHUV RI WKH GLVWXUEDQFH
GLVWULEXWLRQ LQFOXGLQJ WKH SUREDELOLW\ WKDW D GLVWXUEDQFH WDNH SODFH WKH
UDWH RI UHFRYHU\ DQG WKH LPSDFW OHYHO RI GLVWXUEDQFHV ZHUH GHWHUPLQHG IRU
HDFK ODQG FRYHU W\SH DQG LV VXPPDULVHG LQ 7DEOH  7KH OHYHO RI GLVWXU
EDQFH ZDV GHWHUPLQHG EDVHG RQ SUHYLRXV VWXG\ RI JOREDO GLVWXUEDQFH DQG
WKH FKDUDFWHULVWLFV RI 7LEHWDQ YHJHWDWLRQ W\SHV 7KH SUREDELOLW\ RI GLVWXU
EDQFH ZDV VLPLODU WR WKH YDOXH XVHG LQ WKH QRQVSDWLDO PRGHO ZLWK DGMXVW

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PHQW IRU HDFK ODQG FRYHU W\SH 7KH LQWHQVLW\ RI GLVWXUEDQFH RI OLYHVWRFN
ZDV VHW WR  IRU WKH ZKROH DUHD
7DEOH  'LVWXUEDQFH PRGHO SDUDPHWHUV E\ ODQG FRYHU W\SHV
&RGH 7\SH
*OREDO
GLVWXUEHG
IUDFWLRQ
$GMXVWHG
GLVWXUEDQFH
OHYHO
'LVWXUEDQFH
SUREDELOLW\
 :DWHU   
 :RRGODQG   
 :RRGHG
JUDVVODQG
  
 &ORVHG
VKUXEODQG
  
 2SHQ VKUXE
ODQG
  
 *UDVVODQG   
 &URSODQG   
 %DUH JURXQG   
 8UEDQEXLOW   
 7KH YDOXH LV GHULYHG IURP WKH UHVXOW RI 3RWWHU HW DO ¶V VWXG\ RI
JOREDO GLVWXUEDQFH HYHQWV IRU YDULRXV ODQG FRYHU W\SHV
7KH JUD]LQJ LQWHQVLW\ ZDV VHW WR EH XQLIRUP  DFURVV YDULRXV ODQG
FRYHU W\SHV H[FHSW IRU ZDWHU XUEDQ DQG FURSODQG ZKLFK KDG QR HIIHFWLYH
JUD]LQJ 7KH LQWHQVLW\ ZDV VHW WR EH  KLJKHU QHDU ZDWHU VRXUFHV DQG
LQ WKH FDVH RI UDQFKLQJ SUDFWLFH  KLJKHU QHDU XUEDQ DUHDV DQG VHWWOH
PHQWV 7KH OHYHO RI LQWHUVSHFLHV FRPSHWLWLRQ E\ JUDVV DQG E\ VKUXE DQG
LQWUDVSHFLHV FRPSHWLWLRQ ZLWKLQ JUDVV DQG VKUXE ZHUH GHQRWHG E\ cw g 
c g w  c g g DQG cw w  DQG ZHUH VHW IRU HDFK ODQG FRYHU W\SH VKRZQ LQ 7DEOH

7KH UDWH DW ZKLFK YHJHWDWLRQ UHFRYHUV IURP GLVWXUEDQFH ZDV VHW WR 
LQ PRVW DUHDV DQG  LQ DUHDV ZLWK D QRUWK DVSHFW 7KH QXPEHUV ZHUH
RQO\ XVHG WR TXDOLWDWLYHO\ UHIOHFW WKH LPSDFW RI DVSHFW 7KH UDWH RI OLYH
VWRFN¶V UHFRYHU\ ZDV VHW WR  IRU WKH DUHD 7KH JURZWK UDWH RI JUDVV DQG
VKUXEV ZDV EDVHG RQ WKDW LQ WKH QRQVSDWLDO PRGHO PRGLILHG E\ WKH VWDQ
GDUGLVHG PRGH QXPEHU RI HYDSRWUDQVSLUDWLRQ OHYHO LQ WKLV DUHD DV KLJKHU
HYDSRWUDQVSLUDWLRQ LPSOLHV KLJKHUPHWDEROLVP DQG JURZWK UDWH 2Q WRS RI

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7DEOH  &RPSHWLWLRQ FRHIILFLHQWV LQ GLIIHUHQW ODQG FRYHU W\SHV
&RGH 7\SH cw g c g g c g w cw w
 :DWHU    
 :RRGODQG    
 :RRGHG JUDVVODQG    
 &ORVHG VKUXEODQG    
 2SHQ VKUXEODQG    
 *UDVVODQG    
 &URSODQG    
 %DUH JURXQG    
 8UEDQEXLOW    
WKDW D OD\HU RI VWRFKDVWLFLW\ ZDV DGGHG WR UHIOHFW WKH UDQGRP IOXFWXDWLRQ
RI JURZWK UDWH
7KH PHWKRGV GHVFULEHG LQ WKLV FKDSWHU ZHUH HPSOR\HG WR DQVZHU WKH
LPSRUWDQW TXHVWLRQV LQ D UHVLOLHQFH VWXG\ WKH EHKDYLRXU DQG VWDWH RI WKH
V\VWHP LQ TXHVWLRQ WKH SDWWHUQ DQG WUHQG RI H[WHUQDO GLVWXUEDQFH DQG
KRZ WKH V\VWHP UHVSRQGV WR WKH GLVWXUEDQFH 7KH EHKDYLRXU DQG VWDWH RI
WKH V\VWHP ZHUH HYDOXDWHG XVLQJ 1'9, DQG 133 DV VXUURJDWHV DV YHJHWD
WLRQ SURGXFWLYLW\ LV WKH PRVW FRQFHUQHG DWWULEXWH RI WKH V\VWHP ')$ DQG
WUHQG DQDO\VLV ZHUH XVHG WR H[DPLQH WKH SDWWHUQ DQG WUHQG RI GLVWXUEDQFH
WKH PRGHO DWWHPSWV WR VLPXODWH WKH LQWHUDFWLRQ EHWZHHQ WKH V\VWHP DQG
GLVWXUEDQFH DQG ILQG LPSOLFDWLRQV RQ UHVLOLHQFH 7KH LQSXW WR WKH PRGHO
LV QRW UHPRWH VHQVLQJ GDWD EXW WKH FKDUDFWHULVWLFV RI WKH GDWD UHYHDOHG E\
WKH RWKHU SURFHVVHV PHQWLRQHG LQ SUHYLRXV VHFWLRQV

&KDSWHU 
5HVXOWV
 %DVLF VWDWLVWLFV
7KH 1'9, YDOXHV LQ VRPH (O 1LxR \HDUV VKRZ D GRZQZDUG FKDQJH HJ
  DQG  )LJXUH  DOWKRXJK VXFK FKDQJH LV QRW FRQVLVWHQW
LQ WKH ZKROH WLPH VHULHV QRU DOZD\V VLJQLILFDQW FRPSDUHG WR GRZQZDUG
IOXFWXDWLRQ LQ QRQ(O 1LxR \HDUV $ JUDSK RI -XO\ 1'9, WLPH VHULHV VKRZV
FRUUHODWLRQ EHWZHHQ 1'9, DQG SUHFLSLWDWLRQ DOWKRXJK WKH IOXFWXDWLRQ RI
SUHFLSLWDWLRQ VHHPV WR FDXVH D ODJJHG FKDQJH 1'9,  \HDU EHKLQG SUHFLS
LWDWLRQ RI 1'9, )LJXUH D DQG D 7KH 1'9, YDOXHV IRU $XJXVW
DQG 6HSWHPEHU WKURXJKRXW WKH \HDUV VKRZV VLPLODU UHODWLRQVKLSZLWK WHP
SHUDWXUH DQG SUHFLSLWDWLRQ )LJXUH E DQG F $V D UHVXOW WKH GULHU
FRQGLWLRQ LQ (O 1LxR \HDUV GRHV QRW KDYH D VWURQJ HIIHFW RQ 1'9, ZKLOH
ZDUPHU FRQGLWLRQV LQ WKLV DUHD PD\ EH IDYRXUDEOH WR WKH JURZWK RI SODQWV
WKXV LQFUHDVLQJ 1'9, +RZHYHU LQ WKH FRPLQJ \HDU UHGXFHG WHPSHUDWXUH
DQG WKH SUHYLRXV \HDU¶V GU\ FRQGLWLRQ PD\ FDXVH 1'9, WR IDOO ZKLFK LV
PRUH FOHDUO\ VKRZQ LQ WKH VFDWWHU SORWV LQ )LJXUH E DQG F ,W LV
ZRUWK QRWLQJ WKDW H[WUHPHO\ KLJK -XO\ WHPSHUDWXUH LQ SUHYLRXV \HDU PD\
EH FRUUHODWHG WR UHGXFHG 1'9, LQ WKH IROORZLQJ \HDU DV VKRZQ LQ )LJXUH
D DOWKRXJK WKH GDWD SRLQWV DUH QRW DEXQGDQW HQRXJK WR GUDZ D VLJ
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QLILFDQW FRUUHODWLRQ
)RU QRUWKHUQ 7LEHW VXEDUHD LPDJHV WKH WLPH VHULHV RI 1'9, LQ VKRZV
WKDW SHDN 1'9, YDOXHV RIWHQ WDNH SODFH LQ $XJXVW LQ HDFK \HDU ,W LV DSSDU
HQW WKDW LQ (O 1LxR \HDUV VXFK DV  ±   ±   ± 
DQG  ±  WKH SHDN 1'9, DQG JURZLQJ VHDVRQ 1'9, GHFUHDVHG
2QHVLGH 7WHVWV VKRZ WKDW WKH SHDN 1'9, YDOXHV LQ (O 1LxR \HDUV DUH
VLJQLILFDQWO\ VPDOOHU WKDQ WKRVH LQ QRQ(O 1LxR \HDUV S   %XW
JURZLQJ VHDVRQPHDQ 1'9, YDOXHV GR QRW KDYH VLJQLILFDQW GLIIHUHQFH S  

7KH PD[LPXP 1'9, YDOXH IRU HDFK SL[HO WKURXJKRXW WKH ZKROH WLPH
VHULHV  ±  ZDV GHULYHG IURP WKH GDWD DQG SUHVHQWHG LQ )LJXUH
D WKH PD[LPXP 1'9, YDOXH PLQXV DFWXDO 1'9, YDOXH LQ DQ (O 1LxR
\HDU JHQHUDWHV )LJXUH E $ FORVH H[DPLQDWLRQ RI WKH WZR LPDJHV UH
YHDOV WKDW LQ GHQVHO\ YHJHWDWHG DUHDV ZLWK KLJKHU 1'9, YDOXH WKH LPSDFW
RI (O 1LxR LV DOVR PRUH PDQLIHVWHG 7KH 1'9, YDOXHV LQ WKHVH DUHDV PD\
GURS E\ DV PXFK DV  PDNLQJ WKHP FRPSDUDEOH WR RWKHU DUHDV ZLWK
1'9, YDOXHV DURXQG  ,Q RWKHU DUHDV 1'9, YDOXHV DUH DOVR ORZHU WKDQ
WKH PD[LPXP SRWHQWLDO YDOXH EXW WKLV GRHV QRW KROG WUXH IRU DOO SL[HOV
ZKHQ FRPSDULQJ WKH (O 1LxR \HDU¶V GDWD ZLWK WKRVH RI VRPH RI WKH QRQ(O
1LxR \HDUV )LJXUH 
 1'9, DQG 133 DQRPDO\
)URP WKH N DV Iσ PDS )LJXUH  LW LV DSSDUHQW WKDW LQ (O 1LxR \HDUV
ERWK IRUHVW DQG JUDVVODQG YHJHWDWLRQ RQ WKH 7LEHWDQ 3ODWHDX VKRZV QHJD
WLYH DQRPDO\ VXJJHVWLQJ WKDW (O 1LxR LV UHGXFLQJ SODQW JURZWK IURP WKH
\HDU (O 1LxR VWDUWV ,Q WKH IROORZLQJ QRQ(O 1LxR \HDU WKH 1'9, DQRP
DO\ VKRZV VLJQV RI UHFRYHU\ +RZHYHU VXFK UHFRYHU\ LV RIWHQ UHSODFHG E\
QHJDWLYH DQRPDO\ DJDLQ LQ WKH IROORZLQJ \HDU VXFK DV LQ WKH \HDU 

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)LJXUH  1'9, WLPH VHULHV IRU 7LEHW DQG 1RUWK ,QGLD ◦± ◦( ◦± ◦1 7HPSRUDO FRYHUDJH RI WKH GDWD LV IURP -XO\  WR
'HFHPEHU  IRU *,006 DQG -DQXDU\  WR 'HFHPEHU  IRU )$6,5 7KH \HDU   DQG  DUH LQGLFDWHG E\
JUH\ YHUWLFDO OLQHV
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F 6HSWHPEHU
)LJXUH  7HPSHUDWXUH DQG SUHFLSLWDWLRQ REVHUYHG LQ /KDVD DQG FRU
UHVSRQGLQJ *,006 1'9, YDOXH IRU WKH SHULRG  ± 
DQG  ,Q (O 1LxR \HDUV LQ WKH HDVWHUQ DQG VRXWKHUQ SDUW RI WKH SODWHDX
1'9, DQRPDOLHV DUH PRUH VLJQLILFDQWO\ UHGXFHG 7KH QHJDWLYH DQRPDO\
WHQG WR DSSHDU ILUVW LQ WKH HDVW DQG VRXWK RI WKH SODWHDX :KHWKHU WKLV LV
EHFDXVH RI WKH QHJDWLYH HIIHFW RI (O 1LxR RQ SUHFLSLWDWLRQ RU UHGXFHG WHP
SHUDWXUH DIWHU (O 1LxR UHPDLQV D TXHVWLRQ %XW LW VKRXOG EH QRWHG WKDW LQ
 DQG  PHDQ 1'9, DQRPDO\ LV VWLOO SRVLWLYH ZKLFK PD\ EH WKH HI
IHFW RI LQFUHDVHG SUHFLSLWDWLRQ LQ  1'9, YDOXHV LQ JURZLQJ VHDVRQ LQ
(O 1LxR \HDUV WHQG WR GHFUHDVH LQ WKH VHFRQG \HDU RI WKH HYHQW EXW PD\ EH
PLWLJDWHG E\ RWKHU IDFWRUV VXFK DV SUHFLSLWDWLRQ IRU H[DPSOH  
DQG  DUH VXFK \HDUV VHH )LJXUH 
6WXGHQW¶V 7WHVW VKRZVQR VLJQLILFDQW GLIIHUHQFH LQ WKHPHDQ1'9, DQRP
DO\ YDOXHV LQ (O 1LxR DQG QRQ(O 1LxR \HDUV p = 0.61 +RZHYHU WKH
QRUWK VRXWK HDVW DQGZHVW VXEDUHD LPDJHV RI JURZLQJ VHDVRQ1'9, DQRP
DO\ VKRZ WKDW LQ (O 1LxR \HDUV ODUJH DUHDV RI QHJDWLYH DQRPDO\ SUHVHQW
7KH FRPSDULVRQ RI DQRPDO\ LQ GLIIHUHQW \HDUV UHYHDOV WKDW WKH FKDQJH RI
DQRPDO\ IURPQHJDWLYH WR SRVLWLYH DQG YLFH YHUVD FDQ EH UDSLG DQG FKDRWLF
$Q H[DPSOH LV WKH FKDQJHV IURP  WR  LQ *,006 WLPH VHULHV )LJ

&+$37(5  5(68/76
!"#$ !$#% !$#$ !&#% !&#$ !'#% !'#$
!
"
#$
!
$
#%
!
$
#$
!
&
#%
!
&
#$
!
'
#%
!
'
#$
!
"#
$
!
"#
%
!
"&
!
!
"&
#
!
"&
&
!
"&
'
!"#$ !"#% !"&! !"&# !"&& !"&' (! #!! #(! &!!
(
!
#
!
!
#
(
!
&
!
!
D -XO\
)LJXUH  6FDWWHU SORW PDWUL[ RI DYHUDJH *,006 1'9, DQG SUHYLRXV
\HDUV¶ WHPSHUDWXUH DQG SUHFLSLWDWLRQ 1RWH WKDW H[WUHPH WHPSHU
DWXUH LQ SUHYLRXV \HDU FDXVHV 1'9, WR GURS 7KH VWUDLJKW OLQH LV
ILWWHG XVLQJ RUGLQDU\ OHDVW VTXDUH PHWKRG ZKLOH WKH ]LJ]DJJLQJ
FXUYH LV ILWWHG XVLQJ UREXVW UHJUHVVLRQ DVVXPLQJ D PXOWLYDULDWH W
GLVWULEXWLRQ ZKLFK LV OHVV DIIHFWHG E\ RXWOLHUV
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E $XJXVW
)LJXUH  6FDWWHU SORW PDWUL[ RI DYHUDJH *,006 1'9, DQG SUHYLRXV
\HDUV¶ WHPSHUDWXUH DQG SUHFLSLWDWLRQ +LJKHU WHPSHUDWXUH RU SUH
FLSLWDWLRQ LQ SUHYLRXV \HDU KDV QR VLJQLILFDQW LQIOXHQFH RQ 1'9,
7KH VWUDLJKW OLQH LV ILWWHG XVLQJ RUGLQDU\ OHDVW VTXDUH PHWKRG
ZKLOH WKH ]LJ]DJJLQJ FXUYH LV ILWWHG XVLQJ UREXVW UHJUHVVLRQ DV
VXPLQJ DPXOWLYDULDWH W GLVWULEXWLRQ ZKLFK LV OHVV DIIHFWHG E\ RXW
OLHUV
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F 6HSWHPEHU
)LJXUH  6FDWWHU SORW PDWUL[ RI DYHUDJH *,006 1'9, DQG SUHYLRXV
\HDUV¶ WHPSHUDWXUH DQG SUHFLSLWDWLRQ 7KH VWUDLJKW OLQH LV ILWWHG
XVLQJ RUGLQDU\ OHDVW VTXDUH PHWKRG ZKLOH WKH ]LJ]DJJLQJ FXUYH LV
ILWWHG XVLQJ UREXVW UHJUHVVLRQ DVVXPLQJ DPXOWLYDULDWH W GLVWULEX
WLRQ ZKLFK LV OHVV DIIHFWHG E\ RXWOLHUV 1RWH WKDW KLJKHU WHPSHUD
WXUH DW WKLV SHULRG HQKDQFHV 1'9,
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)LJXUH  D0D[LPXPSRVVLEOH 1'9, YDOXH GHULYHG IURP WKH \HDU
$9+55 *,006 GDWD DQG E GLIIHUHQFH EHWZHHQ PD[LPXP SRV
VLEOH 1'9, DQG DFWXDO 1'9, YDOXHV LQ (O 1LxR \HDU  WKH \HO
ORZ DQG UHG SL[HOV GHQRWHV KLJK GLIIHUHQFH DQG ORZ DFWXDO 1'9,
YDOXHV 7KH ER[ LQ F VKRZV WKH FRYHUDJH RI WKH LPDJHV
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)LJXUH  7KH UHVXOW RI VXEWUDFWLQJ 1'9, YDOXHV RI  QRQ(O 1LxR
\HDU IURP WKRVH RI  (O 1LxR \HDU :KLWH SL[HOV VWDQG IRU UH
GXFWLRQ RI 1'9, IURP  WR  QHJDWLYH YDOXHV ZKLOH EODFN
SL[HOV GHQRWHV LQFUHDVH RI 1'9,

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D  E  9HU\ VWURQJ (O 1LxR
F  9HU\ VWURQJ (O 1LxR G  /D 1LxD
H  /D 1LxD I  0RGHUDWH (O 1LxR DIWHU JURZ
LQJ VHDVRQ
J  0RGHUDWH (O 1LxR K  /D 1LxD
L  M 
)LJXUH  *URZLQJ VHDVRQ 1'9, DQRPDO\ PDS IRU SHULRG  ± 
RQ WKH 7LEHWDQ 3ODWHDX JUHHQ VWDQGV IRU SRVLWLYH DQRPDO\ ZKLOH
EOXH VWDQGV IRU QHJDWLYH DQRPDO\ 7KH LQIRUPDWLRQ RQ (O 1LxR
DQG /D1LxD RFFXUUHQFHV LV IURP4XLQQ HW DO  &DQH 
+RQJ HW DO 

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N  3URORQJHG (O 1LxR O  3URORQJHG (O 1LxR
P  3URORQJHG (O 1LxR Q 
R  /D 1LxD DIWHU JURZLQJ VHD
VRQ
S 
T  6WURQJ (O 1LxR U  6WURQJ (O 1LxR
V  W 
)LJXUH  *URZLQJ VHDVRQ 1'9, DQRPDO\ PDS IRU SHULRG  ± 
RQ WKH 7LEHWDQ 3ODWHDX JUHHQ VWDQGV IRU SRVLWLYH DQRPDO\ ZKLOH
EOXH VWDQGV IRU QHJDWLYH DQRPDO\ 7KH LQIRUPDWLRQ RQ (O 1LxR
DQG /D1LxD RFFXUUHQFHV LV IURP4XLQQ HW DO  &DQH 
+RQJ HW DO 

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X  0RGHUDWH (O 1LxR Y  0RGHUDWH (O 1LxR
Z 
)LJXUH  *URZLQJ VHDVRQ 1'9, DQRPDO\ PDS IRU SHULRG  ± 
RQ WKH 7LEHWDQ 3ODWHDX JUHHQ VWDQGV IRU SRVLWLYH DQRPDO\ ZKLOH
EOXH VWDQGV IRU QHJDWLYH DQRPDO\ 7KH LQIRUPDWLRQ RQ (O 1LxR
DQG /D1LxD RFFXUUHQFHV LV IURP4XLQQ HW DO  &DQH 
+RQJ HW DO 
XUH  WKH PHDQ DQRPDO\ IRU WKHVH WKUHH \HDUV DUH   DQG

7KH GLVWULEXWLRQ RI133GDWDZDV DQDO\VHG E\ GUDZLQJ ER[ DQGZKLVNHU
SORWV IRU HDFK PRQWK )RXU RI WKH ER[ SORWV LOOXVWUDWLQJ 133 DQRPDOLHV
LQ0DUFK -XQH 6HSWHPEHU DQG 'HFHPEHU IRU WKH \HDUV  WR  DUH
VKRZQ LQ )LJXUH  7KH IRXU PRQWKV UHSUHVHQW YHJHWDWLRQ DIWHU WKH ZLQ
WHU JUD]LQJ DW WKH EHJLQQLQJ DQG HQG RI JURZLQJ VHDVRQ DQG VWDUW RI ZLQ
WHU JUD]LQJ UHVSHFWLYHO\ ,W LV ZRUWK\ QRWLQJ WKDW QXPEHU RI YDOLG SL[HOV
LQ 'HFHPEHU DQG -DQXDU\ LPDJHV ZDVPXFK OHVV WKDQ LQ RWKHU LPDJHV GXH
WR XQDYDLODELOLW\ RI SUHFLSLWDWLRQ DQG WHPSHUDWXUH GDWD LQ WKHVH PRQWKV
WKXV FRQFOXVLRQV RQ RWKHU PRQWKV FDQQRW EH GUDZQ GLUHFWO\ IURP WKHP ,W
LV DSSDUHQW WKDW WKH PHDQ YDOXHV RI 133 DQRPDO\ GR QRW FKDQJH JUHDWO\
IURP \HDU WR \HDU %XW FKDQJHV LQ VPDOOHU DUHDV PD\ EH PRUH PDQLIHVWHG
DV WKH 'HFHPEHU LPDJHV VKRZ
0RUHRYHU D YLVXDO FRPSDULVRQ RI 133 DQRPDO\ LPDJHV QRW VKRZQ
KHUH DOVR VKRZV WKDW LQ VRPH \HDUV 133 GHFUHDVHV WDNH SODFH PDLQO\ RQ
RSHQ VKUXE ODQG FRYHU W\SH ZKLOH WKH RYHUDOO DYHUDJH PD\ FKDQJH RQO\ D

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D 1'9, DQRPDO\ DQG SUHFLSLWDWLRQ
E 1'9, DQRPDO\ DQG WHPSHUDWXUH
)LJXUH  1'9, DQRPDO\ IURP  WR  RYHUODLG ZLWK JURZLQJ
VHDVRQ SUHFLSLWDWLRQ DQG WHPSHUDWXUH LQ WKH VDPH SHULRG 5HG
ER[HV LQGLFDWH (O 1LxR SHULRGV SXUSOH ER[HV LQGLFDWH /D 1LxD SH
ULRGV

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)LJXUH  1'9, DQRPDO\ RI 1RUWKHUQ 7LEHW LQ  OHIW  PLG
GOH DQG  ULJKW 5HG SL[HOV GHQRWH 1'9, KLJKHU WKDQ DYHU
DJH DQG EOXH SL[HOV GHQRWH 1'9, ORZHU WKDQ DYHUDJH
OLWWOH 7KH 133 DQRPDO\ LPDJH VKRZV WKDW LQ WKH HDUO\ V WKHUH ZDV D
GLVWXUEDQFH LQ133YDOXHV IHDWXULQJ ODUJH DUHD RI UHGXFHG133 LQ VXPPHU
DQG UHODWLYHO\ ODUJHU 133 LQ ZLQWHU ZKLFK ODVWHG D IHZ \HDUV 7KH LPSDFW
ZDV JHQHUDOO\ FRQVWUDLQHG WR WKH FHQWUH RI WKH QRUWKHUQ 7LEHWDQ 3ODWHDX
ZKLOH WKH QRUWKZHVWHUQ DQG VRXWKHDVWHUQ FRUQHU DUH OHVV DIIHFWHG &RP
SDUHG ZLWK WKH ODQGFRYHU PDS LW FDQ EH GHGXFHG WKDW JUDVVODQGV DUHPRUH
OLNHO\ WR EH LQIOXHQFHG LQ VXFK GLVWXUEDQFH 6LPLODU SKHQRPHQD WRRN SODFH
LQ         DQG  ,Q WKHVH \HDUV
(162 DFWLYLWLHV RI GLIIHUHQW LQWHQVLW\ DUH UHFRUGHG WKHUHIRUH LW LV SRVVLEOH
WKDW (162 FDXVHG D GHFUHDVH RI 133 %\ H[DPLQLQJ WHPSHUDWXUH GLVWUL
EXWLRQ LQ WKHVH \HDUV DQG LQ \HDUV ZKHQ 133 DUH QRW QHJDWLYHO\ LPSDFWHG
LW LV IRXQG WKDW WHPSHUDWXUH RQ JUDVVODQGV LQ WKHVH ORZ133 \HDUV DUH JHQ
HUDOO\ KLJKHU )LJXUH  3UREDEO\ DV D UHVXOW WKH HVWLPDWHG HYDSRWUDQ
VSLUDWLRQV ZHUH DOVR KLJKHU 7KH IROORZLQJ ZLQWHU¶V 133ZDV DOVR UHGXFHG
+RZHYHU IRU VKUXEODQG DQG ZRRGODQG WKH FKDQJHV ZHUH PL[HG
7KH RWKHU DUHDV ZHUH VLPLODUO\ DQDO\VHG ,W ZDV IRXQG WKDW (162 KDV
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)LJXUH  133 DQRPDO\ ER[ SORW RI  PRQWKV IRU D SHULRG RI  \HDUV
GUDZQ XVLQJ WKH DQRPDO\ GDWD FDOFXODWHG IRU HDFK SL[HO RQ WKH
PDS %ODFN GRWV DUH RXWOLHUV 7KH DYHUDJH YDOXHV RI 133 GR QRW
FKDQJH VLJQLILFDQWO\ LQ GLIIHUHQW \HDUV
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)LJXUH  133 DQRPDO\ ER[ SORW RI  PRQWKV IRU D SHULRG RI  \HDUV
GUDZQ XVLQJ WKH DQRPDO\ GDWD FDOFXODWHG IRU HDFK SL[HO RQ WKH
PDS %ODFN GRWV DUH RXWOLHUV 7KH DYHUDJH YDOXHV RI 133 GR QRW
FKDQJH VLJQLILFDQWO\ LQ GLIIHUHQW \HDUV
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)LJXUH  133 DQRPDO\ ER[ SORW RI  PRQWKV IRU D SHULRG RI  \HDUV
GUDZQ XVLQJ WKH DQRPDO\ GDWD FDOFXODWHG IRU HDFK SL[HO RQ WKH
PDS %ODFN GRWV DUH RXWOLHUV 7KH DYHUDJH YDOXHV RI 133 GR QRW
FKDQJH VLJQLILFDQWO\ LQ GLIIHUHQW \HDUV
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)LJXUH  133 DQRPDO\ ER[ SORW RI  PRQWKV IRU D SHULRG RI  \HDUV
GUDZQ XVLQJ WKH DQRPDO\ GDWD FDOFXODWHG IRU HDFK SL[HO RQ WKH
PDS %ODFN GRWV DUH RXWOLHUV 7KH DYHUDJH YDOXHV RI 133 GR QRW
FKDQJH VLJQLILFDQWO\ LQ GLIIHUHQW \HDUV
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)LJXUH  7HPSHUDWXUH GLIIHUHQFH PDS DW ◦UHVROXWLRQ VKRZLQJ WHP
SHUDWXUH GLIIHUHQFH E\ VXEWUDFWLQJ WHPSHUDWXUH RI $XJXVW 
IURP WKDW RI $XJXVW  DQ (162 \HDU

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PRUH VLJQLILFDQW QHJDWLYH LPSDFW RQ JUDVVODQG DQG ³EDUH JURXQG´ DQG OLW
WOH RU SRVLWLYH LPSDFW RQ ZRRGODQG 7KH 133 DQRPDO\ LQ WKHVH DUHDV H[
KLELWV VLPLODU SDWWHUQV WR WKDW LQ WKH QRUWKHUQ 7LEHWDQ 3ODWHDX ZLWK QR
VLJQLILFDQW GLIIHUHQFH EHWZHHQ GLIIHUHQW \HDUV
 7UHQGV DQG GLVWXUEDQFH
 'HWUHQGHG IOXFWXDWLRQ DQDO\VLV
7KH UHVXOW RI WKH ')$ FRQGXFWHG RQ WKH PRQWKO\ 1'9, 1RUWKHUQ 7LEHW
DUHD DYHUDJH LV VKRZQ LQ )LJXUH  $ OLQHDUPRGHO ILWWLQJ XVLQJ DOO SRLQWV
LQ WKH WLPH VHULHV VKRZV WKDW α= 0.9547± 0.0187 LQGLFDWLQJ D SRVVLEOH I
QRLVH IOXFWXDWLRQ +RZHYHU D ILWWLQJ XVLQJ WKH ILUVW KDOI RI WKH F (n )n SDLUV
GHQRWLQJ VPDOOHU ER[ VL]H DQG WLPH VFDOH VKRZV α= 1.110± 0.053 LQGLFDW
LQJ UDQGRP ZDON EHKDYLRXU RI WKH WLPH VHULHV DW VPDOO WLPH LQWHUYDO VHH
7DEOH  )LWWLQJ WKH UHVW RI WKH SDLUV JLYHV α = 0.921± 0.056 LPSO\LQJ
WKDW WKH EHKDYLRXU RI 1'9, UHDGLQJV DW ODUJH WLPH VFDOH LV PRUH FORVH WR D
SRZHUODZ FRUUHODWLRQ 6XFK FURVVRYHU RI α LV WKH UHVXOW RI WKH FRPELQD
WLRQ RI PXOWLSOH LQIOXHQFHV RQ 1'9, GDWD ,Q RUGHU WR ZRUN RXW DW ZKLFK
WLPH VFDOH WKH FURVVRYHU WDNHV SODFH ILWWLQJ LV FRQGXFWHG XVLQJ GLIIHUHQW
VXEVHWV ,W ZDV IRXQG WKDW DW WKH WLPH VFDOH RI DERXW PRQWKV α EHFRPHV
VLJQLILFDQWO\ OHVV WKDQ 
7HOHVFD HW DO  LQ D VWXG\ RI ,WDOLDQ IRUHVW HFRV\VWHP VKRZV D VLP
LODU UHVXOW LQGLFDWLQJ WKH SUHVHQFH RI ORQJUDQJH FRUUHODWLRQ 7KH LPSOLFD
WLRQ LV WKDW LI D SRVLWLYH IHHGEDFN H[LVWV D SHUWXUEDWLRQ ZLOO FDXVH D ODUJHU
RQH LQ WKH ORQJWHUP IXWXUH +RZHYHU VXFK FRUUHODWLRQV RQO\ H[LVW DW ODUJH
WLPH VFDOHV VXJJHVWLQJ WKDW WKH GLVWXUEDQFH WUHQG LV RQO\ YLVLEOH LQ WKH
ORQJ WHUP ,Q WKH VKRUW WHUP VXFK DV ZLWKLQ D \HDU RU D VHDVRQ WKH IOXF
WXDWLRQ LV GRPLQDWHG E\ UDQGRPZDON OLNH EHKDYLRXU &RQVLGHULQJ VXFK
FKDUDFWHULVWLFV LQ WKH JUDVVODQG VHWWLQJ LW FDQ EH VXPPDULVHG WKDW HDFK
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α = 0.5
y = 0.9547x− 3.9584
lo
g
!F
(n
)
log(n
)LJXUH  5HVXOW RI ')$ RQ 1'9, DUHD DYHUDJH GDWD 7KH ORJF (n )
ORJn SDLUV VKRZV FHUWDLQ FROOLQHDULW\ 7KH α   OLQH ZDV DOVR
GUDZQ DV D UHIHUHQFH 7KH ORQJUDQJH HQG¶V α LV OHVV WKDQ  EXW
ODUJHU WKDQ  VXJJHVWLQJ D SRVLWLYH FRUUHODWLRQ EHWZHHQ IOXFWX
DWLRQV
WLPH D GLVWXUEDQFH HYHQW WDNHV SODFH LW PD\ EH FRUUHODWHG WR IXWXUH GLV
WXUEDQFHV WKDW WDNH SODFH RYHU  PRQWKV RU ORQJHU 7KH SRVLWLYH FRUUHOD
WLRQPHDQV WKH LPSDFW RI GLVWXUEDQFHV EHFRPHV JUHDWHU LQ WKH VXEVHTXHQW
RFFXUUHQFHV SRVVLEO\ GXH WR WKH LPSDFW RI SUHYLRXV RQHV +RZHYHU WKH
FDXVDO OLQN FDQQRW EH HVWDEOLVKHG \HW
7KH VDPH SURFHVV FRQGXFWHG RQ 6RXWKHUQ (DVWHUQ DQG :HVWHUQ 7L
EHW¶V 1'9, GDWD \LHOGV VLPLODU UHVXOWV DOO LQGLFDWLQJ D SRVLWLYH FRUUHODWLRQ
ZLWK 0.5 < α < 1 &RPSDUHG WR 1RUWKHUQ 7LEHW WKH α YDOXHV DUH VPDOOHU
VXJJHVWLQJ D PRUH REYLRXV FRUUHODWLRQ +RZHYHU WKH SL[HOE\SL[HO UH
VXOWV GHULYHG IURP ')$ RQ LQGLYLGXDO SL[HOV LQ IRXU VXEDUHDV VKRZ WKDW
IRU PRVW SL[HOV α< 0 LQGLFDWLQJ DQ DQWLFRUUHODWLRQ
 3HUVLVWHQFH RI 133 WUHQGV
7KH YDOXH RI HDFK SL[HO RQ WKH SHUVLVWHQFH PDS LQGLFDWHV IRU KRZ ORQJ D
SRVLWLYH RU QHJDWLYH WUHQG KDV SHUVLVWHG RQ WKH SL[HO )RU 1RUWKHUQ 7LEHW
WKH SHUVLVWHQFH WUHQG RQ WKH \HDU PDS LV QRW REYLRXV 7KH ODUJHVW WLPH
RI VXUYLYDO IRU D SRVLWLYH WUHQG LV  \HDUV ZKLOH WKDW IRU D QHJDWLYH WUHQG LV
 \HDUV EXW SL[HOV DW HLWKHU H[WUHPHV DUH UDUH  RI SL[HOV KDYH YDO
XHV EHWZHHQ  DQG  VKRZV WKDW QR ORQJWHUP WUHQG FDQ EH IRXQG IRU

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)LJXUH  3L[HOE\SL[HO UHVXOW RI ')$ RQ 1RUWKHUQ 7LEHW 0RVW SL[
HOV KDYH α < 0 LQGLFDWLQJ SRVVLEOH DQWLFRUUHODWLRQ EHWZHHQ GLV
WXUEDQFH DQG WLPH

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WKHVH SL[HOV LQ WKH  \HDUV +RZHYHU D FRPSDULVRQ ZLWK WKH WZR \HDU
PDS UHYHDOV WKDW WKH  ±  GDWD¶V SRVLWLYH WUHQG KDV D ODUJHU FRQWUL
EXWLRQ WR WKH WUHQG RQ WKH \HDU GDWD ZKLOH WKH  ±  GDWD KDV
REYLRXV QHJDWLYH SHUVLVWHQW WUHQG HVSHFLDOO\ LQ WKH HDVW RI WKH PDS ZKHUH
D FHQWUH RI KHDW UHVLGHG LQ WKH PLGV )LJXUH  7KH GLPLQLVKHG
WUHQG RQ WKH \HDU PDS PD\ EH WKH UHVXOW RI FDQFHOOLQJ RI WUHQGV LQ WKH
FDOFXODWLRQ
$ H[DPLQDWLRQ RI \HDU PDSV QRW VKRZQ KHUH IRXQG WKDW RQ WKH
SODWHDX 133 QHJDWLYH DQRPDOLHV WHQGHG WR KDYH ORQJHU OLIH VSDQ LH SHU
VLVW LQ SRVLWLRQ IRU D ORQJHU SHULRG 7KH SRVLWLYH DQRPDOLHV DSSHDU LQ D
IUDJPHQWHG PDQQHU PD\ SHUVLVW LQ VRPH LVRODWHG ORFDWLRQV IRU UHODWLYHO\
ORQJ WLPH EXW QRW DV ORQJ DV QHJDWLYH DQRPDOLHV %RWK QHJDWLYH SL[HOV RQ
WKH  ± PDS DQG WKH  ± PDS SHUVLVWHG WKURXJK WKH QH[W
PDS DOWKRXJK VRPHZKDW DOOHYLDWHG E\ ODWHU \HDUV¶ SRVLWLYH YDOXHV 7KH
QHJDWLYH YDOXHV RQ WKH  ±  PDS RFFXS\ ODUJHU DUHD WKDQ RQ WKH
 ±  PDS LQGLFDWLQJ D SRVVLEOH VSDWLDO H[SDQVLRQ RI WKH QHJDWLYH
WUHQG 7KH VXUYLYDO WLPH RI WKH QHJDWLYH WUHQG LV DOVR DSSDUHQWO\ ORQJHU
WKDQ WKH  ±  RQH
7KH LQWHUSUHWDWLRQ RI (O 1LxR SHULRGV¶ PDS KDV GLIILFXOWLHV DV WKH H[DFW
\HDUV ZKHQ (O 1LxR¶V HIIHFW EHJDQ WR DSSHDU DQG GLVDSSHDU FDQQRW EH GH
WHUPLQHG +RZHYHU WKHVH PDSV VXJJHVW WKH (O 1LxR WHQG WR KDYH LPSDFWV
RQ WKH HDVW VLGH RI WKH PDS DQG WKH QHJDWLYH WUHQG LV PRUH SHUVLVWHQW RQ
WKH QRUWK VORSHV 7KH FRPSDULVRQ RI WKH   DQG  PDSV VKRZV
WKDW WKH LPSDFW DUHD RI ODWHU (O 1LxR LV DOVR ODUJHU WKDQ WKH HDUOLHU RQHV
)LJXUH 
)RU 6RXWKHUQ 7LEHW WKH LPSDFW RI (O 1LxR LV PRUH VLJQLILFDQW LQ WKH
HDVWHUQ SDUW RI WKH PDS )URP V WR V WKH QHJDWLYH WUHQG VKLIWHG
IURP WKH ZHVW WR WKH HDVW 7KH OLIH VSDQ RI QHJDWLYH WUHQG DIWHU (O 1LxR
LV VKRUWHU WKDQ WKDW LQ 1RUWKHUQ 7LEHW ,Q :HVWHUQ 7LEHW WKH SDWWHUQ RI

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D 133 WUHQG SHUVLVWHQFH IRU  ±

E 133 WUHQG SHUVLVWHQFH IRU  ±

F 133 WUHQG SHUVLVWHQFH IRU  ±

)LJXUH  133 WUHQG SHUVLVWHQFH PDSV IRU WKH SHULRGV  ± 
 ±  DQG  ±  LQ 1RUWKHUQ 7LEHW 7KH SRVLWLYH
YDOXH LV WKH QXPEHU RI FRQVHFXWLYH \HDUV ZKHQ 133 KDV SRVL
WLYH DQRPDOLHV ZKLOH WKH QHJDWLYH YDOXH VWDQGV IRU WKH QXPEHU RI
FRQVHFXWLYH \HDUV ZKHQ 133 KDV QHJDWLYH DQRPDOLHV 1RWH WKH
GLIIHUHQFH EHWZHHQ WZR \HDU PDSV

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D 133 WUHQG SHUVLVWHQFH IRU  ±

E 133 WUHQG SHUVLVWHQFH IRU  ±

F 133 WUHQG SHUVLVWHQFH IRU  ±

)LJXUH  133 WUHQG SHUVLVWHQFH PDS IRU WKUHH (O 1LxR SHULRGV
DURXQG   DQG  1RWH WKDW WKH DUHD RI (O 1LxR LP
SDFW LQ  LV ODUJHU WKDQ LQ  ZKLFK LV ODUJHU WKDQ LQ 
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QHJDWLYH SHUVLVWHQFH LV OLPLWHG WR FHUWDLQ DUHDV LQ WKH QRUWKZHVWHUQ FRUQHU
RI WKH SODWHDX EXW WKHVH QHJDWLYH SL[HOV KDYH D YHU\ ORQJ VXUYLYDO WLPH ,Q
WKH (DVWHUQ 7LEHW WKH QHJDWLYH WUHQG LV TXLFN WR UHYHUVH +RZHYHU SODFHV
ZLWK QHJDWLYH 133 DQRPDOLHV EHIRUH DOVR WHQG WR KDYH D QHJDWLYH WUHQG
DIWHUZDUGV
 6SDWLDO SDWWHUQV
6SDWLDO IDFWRUV VXFK DV WRSRJUDSK\ KDYH HIIHFWV RQ WKH UHVSRQVH RI WKH YHJ
HWDWLRQ LQGH[ LQ WKH IDFH RI FKDQJHV ,Q DUHDV ZLWK D UHODWLYHO\ ORZ DOWLWXGH
<  m KLJKHU WHPSHUDWXUH LV OLQNHG ZLWK KLJKHU 1'9, YDOXHV SRV
LWLYH DQRPDOLHV EXW LQ KLJK DOWLWXGH DUHDV WKH UHODWLRQVKLS LV UHYHUVHG
KLJKHU WHPSHUDWXUH OHDGV WR QHJDWLYH 1'9, DQRPDOLHV VHH )LJXUH 
7KLV LV HVSHFLDOO\ HYLGHQW RQ WKH LPDJHV UHFRUGLQJ GDWD IURP  WR 
ZKHQ D FHQWUH RI LQFUHDVHG WHPSHUDWXUH UHVLGHG RYHU WKH QRUWKHUQ 7LEHWDQ
3ODWHDX
7RSRJUDSK\ DOVR FDXVHV GLIIHUHQW YHJHWDWLRQ FRQGLWLRQV LQ DQ DUHD 1HJ
DWLYH 1'9, DQRPDOLHV WHQG WR DSSHDU PRUH RQ QRUWK VORSHV HYHQ ZKHQ
DGMDFHQW VRXWK VORSHV VKRZV SRVLWLYH DQRPDOLHV )LJ  7KLV LV PRVW
REYLRXV LQ (O 1LxR \HDUV
%\ FDOFXODWLQJ WKH VWDQGDUG GHYLDWLRQ RI  \HDUV¶ VXPPHU 1'9, IRU
HDFK SL[HO DQG FRPSDULQJ ZLWK ODQGFRYHU GDWD LW LV IRXQG WKDW JUDVVODQG
WHQG WR KDYH KLJKHU YDULDWLRQV LQ GLIIHUHQW \HDUV ZKLOH VKUXEODQG DQG EDUH
JURXQG KDYH ORZHU YDULDWLRQV
 0RGHO VLPXODWLRQ
:LWK LQIRUPDWLRQ SURYLGHG E\ DQDO\VHV GHVFULEHG LQ SUHYLRXV VHFWLRQV
WKH SDWWHUQ RI GLVWXUEDQFH DQG UHVSRQVH ZDV UHYHDOHG %XW NQRZLQJ WKH
EHKDYLRXU RI WKH V\VWHP LQ LWV FXUUHQW FRQGLWLRQ LV QRW HQRXJK 5HVLO

&+$37(5  5(68/76
D
E
80˚
80˚
90˚
90˚
100˚
100˚
30˚ 30˚
40˚ 40˚
0 500
km
Qinghai
TAR
F
)LJXUH  )LJXUH D VKRZV WKH DUHD RI LQFUHDVHG WHPSHUDWXUH LQ
1RUWKHUQ 7LEHW LQ -XO\  )LJXUH E VKRZV WKH 1'9, YDOXHV
SUHVHQWHG DV ]VFRUH LQ WKH VDPH PRQWK )LJXUH F VKRZV WKH
JHRJUDSKLFDO FRYHUDJH RI WKH LPDJHV

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D
E
)LJXUH  7KH DVSHFW LPDJH D DQG 1'9, ]VFRUH GLIIHUHQFH IURP
PHDQ YDOXHPHDVXUHG E\ VWDQGDUG GHYLDWLRQ LPDJH RI -XO\ 
E 1RWH WKH DVSHFW SDWWHUQ UHIOHFWHG LQ WKH ]VFRUH SDWWHUQ ZLWK
PRVW QHJDWLYH ]VFRUHV RFFXULQJ RQ QRUWK VORSHV

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LHQFH DVVHVVPHQW UHTXLUHV XQGHUVWDQGLQJ WKH UHVSRQVH RI WKH V\VWHP XQ
GHU FKDQJHG GLVWXUEDQFH FRQGLWLRQV 0RUH GHWDLOHG UHVHDUFK ZDV OLPLWHG
E\ WKH DYDLODELOLW\ RI GDWD EXW WKH UHVXOWV GHVFULEHG EHORZ FDQ DW OHDVW SUR
YLGH TXDOLWDWLYH LQIRUPDWLRQ DERXW YDULRXV GLVWXUEDQFH VFHQDULRV
 1XOO PRGHO
,Q D QXOO PRGHO WKH JRDO LV WKDW WKH UDWLR RI JUDVV DQG VKUXE VKRXOG UHPDLQ
FRQVWDQW DSDUW IURP VRPH IOXFWXDWLRQV WKURXJKRXW WLPH 1HLWKHU VKRXOG
HLWKHU VKUXE RU JUDVV GLPLQLVK LQ DEXQGDQFH $ VHW RI SDUDPHWHUV VDWLVI\
LQJ WKHVH FRQGLWLRQV DUH OLVWHG EHORZ
b5bm\nnZlp\iodot ,
r5ncmp]Zlp\iodot ,
mZvbx5bmjrocZm\o`Zbm\nn +)+4
mZvrx5bmjrocZm\o`Zncmp] +),,
n5bm\udibZdio`indot +).3
^Zvrbx5^jhk`ododji +),1
^Zvbrx5^jhk`ododji +),1
^Zvbbx5^jhk`ododji +).
^Zvrrx5^jhk`ododji +).
`Zvb'rx5_dnopm]\i^` +),
`Zvgx5gdq`noj^f_dnopm]\i^` +),
^Zv`x5m`^jq`mtZm\o` +)0
^gZv`x5gdq`noj^fm`^jq`mtZm\o` +)20
^Zvax5adm`Zmdnf +
t`\mn ,0+
_dnokmj]\] +).
7KH WUDMHFWRU\ RI WKH V\VWHP LV VKRZQ LQ )LJXUH  $W WKH HQG RI VLPX
ODWLRQ WKH DEXQGDQFHV RI VKUXE DQG JUDVV KDYH PDLQWDLQHG D UDWLR FORVH WR

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 ,W ZDV IRXQG WKDW WKH ILQDO DEXQGDQFHV RI JUDVV DQG VKUXE GHSHQG RQ
WKH LQWUDVSHFLHV FRPSHWLWLRQ FRHIILFLHQW c g g DQG cw w  ZKLOH WKH LQFUHDVH
RI LQWHUVSHFLHV FRPSHWLWLRQ FRHIILFLHQW OHG WR WKH K\VWHULFDO EHKDYLRXU DS
SHDULQJ HDUO\ LQ WKH VLPXODWLRQ DQG WKH LPSDFW RI GLVWXUEDQFH ZDV PRUH
SURQRXQFHG 7KH FKDQJH RI JURZWK UDWH KDV OLPLWHG LQIOXHQFH RQ WKH ILQDO
UDWLR RI VKUXE WR JUDVV DV ORQJ DV VKUXE JURZWK UDWH LV KLJKHU WKDQ WKDW
RI JUDVV 7KH LQLWLDO DEXQGDQFHV RI VKUXE DQG JUDVV GR QRW JUHDWO\ LQIOX
HQFH WKH ILQDO UDWLR HLWKHU GXH WR QHJDWLYH IHHGEDFN FDXVHG E\ LQWUDVSHFLHV
FRPSHWLWLRQ
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)LJXUH  7UDMHFWRU\ RI WKH VKUXEJUDVV V\VWHP LQ WKH QXOO PRGHO SUR
MHFWHG WR  \HDUV LQ WKH IXWXUH 7KH RWKHU VLPXODWLRQ UHVXOWV DUH
RI WKH VDPH WLPH SHULRG XQOHVV VSHFLILHG RWKHUZLVH 6PDOO GLVWXU
EDQFH FDQ FDXVH VLJQLILFDQW WUHQGV RI FKDQJH ODVWLQJ PDQ\ \HDUV
 6FHQDULRV
7KH VLPXODWLRQ UHVXOW RI D VWDQGDUG VFHQDULR ZLWK OLJKW JUD]LQJ PRGHUDWH
DQG LQIUHTXHQW GLVWXUEDQFH WKDW UDSLGO\ UHFRYHU LV VKRZQ LQ )LJXUH 

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7KH ILJXUH VKRZV WKDW LQ WKH FRPSHWLWLRQ EHWZHHQ JUDVV DQG VKUXE JLYHQ
WKH VDPH LQLWLDO DEXQGDQFH ERWK JUDVV DQG VKUXE LQFUHDVH DW D VLPLODU
SDFH :KHQ D SDLU RI HTXLOLEULXP YDOXHV LV UHDFKHG WKH V\VWHP XQGXODWHV
DURXQG WKH HTXLOLEULXP SRLQW 7KH SDWWHUQ KDV QR VLJQLILFDQW FKDQJHV LQ
GLIIHUHQW UXQV RI WKH PRGHO %\ FKDQJLQJ WKH LQLWLDO JUDVVVKUXE DEXQ
GDQFH LW LV FOHDU WKDW WKH V\VWHP UHWXUQV WR WKH VDPH SRLQW RI HTXLOLEULXP
)LJXUH  ,Q ORQJHU VLPXODWLRQV WKH JUDVV DQG VKUXE DEXQGDQFH KDYH
RQO\ VPDOO FKDQJHV DURXQG WKH HTXLOLEULXP 7KH SDUDPHWHU VHWWLQJV IRU
WKH WZR UXQV DUH OLVWHG EHORZ
b5bm\nnZlp\iodot ,
r5ncmp]Zlp\iodot ,
mZvbx5bmjrocZm\o`Zbm\nn +)+4
mZvrx5bmjrocZm\o`Zncmp] +),,
n5bm\udibZdio`indot +),
^Zvrbx5^jhk`ododji +),1
^Zvbrx5^jhk`ododji +),1
^Zvbbx5^jhk`ododji +).
^Zvrrx5^jhk`ododji +).
`Zvb'rx5_dnopm]\i^` +),
`Zvgx5gdq`noj^f_dnopm]\i^` +),
^Zv`x5m`^jq`mtZm\o` ,
^gZv`x5gdq`noj^fm`^jq`mtZm\o` ,)-
^Zvax5adm`Zmdnf +
t`\mn ,0+
_dnokmj]\] +).
b5bm\nnZlp\iodot ,
r5ncmp]Zlp\iodot -)0
mZvbx5bmjrocZm\o`Zbm\nn +)+4

&+$37(5  5(68/76
mZvrx5bmjrocZm\o`Zncmp] +),,
n5bm\udibZdio`indot +),
^Zvrbx5^jhk`ododji +),1
^Zvbrx5^jhk`ododji +),1
^Zvbbx5^jhk`ododji +).
^Zvrrx5^jhk`ododji +).
`Zvb'rx5_dnopm]\i^` +),
`Zvgx5gdq`noj^f_dnopm]\i^` +),
^Zv`x5m`^jq`mtZm\o` ,
^gZv`x5gdq`noj^fm`^jq`mtZm\o` ,)-
^Zvax5adm`Zmdnf +
t`\mn ,0+
_dnokmj]\] +).
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)LJXUH  $ VWDQGDUG VFHQDULR ZLWK OLJKW JUD]LQJ 7KH IOXFWXDWLRQ LV
PRUH IUHTXHQW IRU ERWK JUDVV DQG VKUXE DEXQGDQFHV
7KH VHFRQG VFHQDULR LOOXVWUDWHV WKH RXWFRPHRI D FOLPDWH FKDQJHLQGXFHG
GURS RI UHFRYHU\ UDWH IURP GLVWXUEDQFHV DQG KLJKHU GLVWXUEDQFH SUREDELO

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)LJXUH  *UDVV DQG VKUXE DEXQGDQFH DIWHU HQWHULQJ WKH K\VWHULF GR
PDLQ &KDQJHG LQLWLDO DEXQGDQFH \LHOGV WKH VDPH SRLQW RI HTXL
OLEULXP
LW\ DQG ILUH ULVN ,W FDQ EH VHHQ WKDW DOWKRXJK VKUXEV KDYH D KLJKHU JURZWK
UDWH HYHQWXDOO\ WKHLU DEXQGDQFH LV VPDOOHU WKDQ JUDVV DW WKH HTXLOLEULXP
SRLQW $W ILUVW VKUXE DQG JUDVV DEXQGDQFH LQFUHDVHV UDSLGO\ GHVSLWH VRPH
IOXFWXDWLRQV GXH WR GLVWXUEDQFH DQG WKHQ ERWK W\SHV RI YHJHWDWLRQ HQWHUV
D K\VWHULF G\QDPLF SDWWHUQ )LJXUH  ,W LV QRWHG WKDW WKH SDWWHUQ
FKDQJHV VOLJKWO\ EHWZHHQ HDFK UXQ DOWKRXJK WKH JHQHUDO WUHQG GRHV QRW
FKDQJH )URP WKH ORQJWHUP VLPXODWLRQ UHVXOWV LW FDQ EH VHHQ WKDW LQ WKH
ORQJ UXQ JUDVV DEXQGDQFH ZLOO IOXFWXDWH DURXQG D FRQVWDQW YDOXH ZKLOH
VKUXE DEXQGDQFH ZLOO IOXFWXDWH PRUH VLJQLILFDQWO\ DW WZR WLPH VFDOHV DV
)LJXUH  VKRZV 7KH SDUDPHWHUV IRU WKLV VFHQDULR DUH OLVWHG EHORZ
b5bm\nnZlp\iodot ,
r5ncmp]Zlp\iodot ,
mZvbx5bmjrocZm\o`Zbm\nn +)+4
mZvrx5bmjrocZm\o`Zncmp] +),,

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n5bm\udibZdio`indot +).3
^Zvrbx5^jhk`ododji +),1
^Zvbrx5^jhk`ododji +),1
^Zvbbx5^jhk`ododji +).
^Zvrrx5^jhk`ododji +).
`Zvb'rx5_dnopm]\i^` +),
`Zvgx5gdq`noj^f_dnopm]\i^` +),
^Zv`x5m`^jq`mtZm\o` +)20
^gZv`x5gdq`noj^fm`^jq`mtZm\o` ,)-
^Zvax5adm`Zmdnf +)+,
t`\mn ,0+
_dnokmj]\] +)/
b5bm\nnZlp\iodot ,
r5ncmp]Zlp\iodot ,
mZvbx5bmjrocZm\o`Zbm\nn +)+4
mZvrx5bmjrocZm\o`Zncmp] +),,
n5bm\udibZdio`indot +).3
^Zvrbx5^jhk`ododji +),1
^Zvbrx5^jhk`ododji +),1
^Zvbbx5^jhk`ododji +).
^Zvrrx5^jhk`ododji +).
`Zvb'rx5_dnopm]\i^` +),
`Zvgx5gdq`noj^f_dnopm]\i^` +),
^Zv`x5m`^jq`mtZm\o` +)20
^gZv`x5gdq`noj^fm`^jq`mtZm\o` ,)-
^Zvax5adm`Zmdnf +)+,
t`\mn ,0++
_dnokmj]\] +)/
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)LJXUH  *UDVV DQG VKUXE DEXQGDQFH ZLWK PRUH IUHTXHQW GLVWXU
EDQFH DQG ORZHU UHFRYHU\ UDWH LQ FOLPDWH FKDQJH FRQGLWLRQV 7KH
HTXLOLEULXP LV HVWDEOLVKHG DW D ORZHU OHYHO RI YHJHWDWLRQ DEXQ
GDQFHV HVSHFLDOO\ IRU JUDVV 7KH IOXFWXDWLRQ RI VKUXE LV PRUH
SURQRXQFHG
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)LJXUH  *UDVV DQG VKUXE DEXQGDQFHV ZLWK PRUH IUHTXHQW GLVWXU
EDQFH DQG ORZHU UHFRYHU\ UDWH LQ FOLPDWH FKDQJH FRQGLWLRQV ZLWK
ORQJHU VLPXODWLRQ SHULRG  \HDUV VKRZLQJ WKDW LQ WKH ORQJ
WHUP WKH LPSDFW RI FOLPDWH FKDQJH SXWV WKH YHJHWDWLRQ DEXQ
GDQFHV LQ D GRPDLQ RI DWWUDFWLRQ RI ORZHU OHYHO 7KH IOXFWXDWLRQ
RI VKUXE LV PRUH VLJQLILFDQW DQG ODVWV ORQJHU
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7KH WKLUG VFHQDULR VLPXODWHV XUEDQLVDWLRQ ZKLFK OHDGV WR OHVV JUD]LQJ
LQWHQVLW\ DV ZHOO DV DYDLODELOLW\ RI JUDVV 7KH VLPXODWLRQ UHVXOW LV VKRZQ LQ
)LJXUH  ,Q WKLV VFHQDULR ERWK VKUXE DQG JUDVV DEXQGDQFH LQFUHDVH
QHDU WKH LQLWLDO OHYHO XQWLO VKUXE DEXQGDQFH UHDFKHV D PD[LPXP OHYHO
7KH VKUXE DEXQGDQFH GHFUHDVHV VOLJKWO\ DIWHUZDUGV ZKLOH WKH JUDVV DEXQ
GDQFH FRQWLQXHV WR LQFUHDVH EXW ZLWK FKDQJHV LQ WKH SDFH RI LQFUHDVH ,Q
D ORQJWHUP VLPXODWLRQ JUDVV DEXQGDQFH ZLOO FRQWLQXH WR LQFUHDVH DW WKH
FRVW RI VKUXE DEXQGDQFH 7KH SDUDPHWHU VHW IRU WKLV VFHQDULR LV DV IROORZV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,Q WKH WUDQVLWLRQ VFHQDULR WKH V\VWHP FKDQJHV IURP QRPDGLF SDVWRUDO
LVP WR UDQFKOLNH SUDFWLFHV DV D UHVXOW WKH UHFRYHU\ UDWH LV UHGXFHG IURP
 WR  WKH OLYHVWRFN UHFRYHU\ UDWH UHGXFHG IURP  WR  DQG WKH GLV
WXUEDQFH SUREDELOLW\ GHFUHDVH IURP  WR  WR VLPXODWH WKH EHKDYLRXU
RI UDQFKHV ZLWK IHZHU GLVWXUEDQFH HYHQWV EXW VORZHU WR UHFRYHU IURP RQH
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)LJXUH  *UDVV DQG VKUXE DEXQGDQFHZLWK OHVV SDVWXUHV DQG JUD]LQJ
*UDVV LQ UHGXFHG JUD]LQJ FRQGLWLRQ KDV DGYDQWDJH RYHU VKUXE
ZKHQ WKH V\VWHP UHDFKHV WKH GRPDLQ RI DWWUDFWLRQ
,Q WKH ILUVW  \HDUV WKH SDVWRUDOLVWV DUH QRPDGLF DQG LQ WKH IROORZLQJ
 VHGHQWDU\ ,Q WKLV VFHQDULR WKH WUDMHFWRU\ RI JUDVV DQG VKUXE DEXQ
GDQFH LV VLPLODU WR WKDW RI RWKHU VFHQDULRV )LJXUH  $ FRPSDULVRQ RI
JUDVV DEXQGDQFH EHWZHHQ WKH WUDQVLWLRQ VFHQDULR ORZ GLVWXUEDQFH SURE
DELOLW\ORZ UHFRYHU\ UDWH DQG KLJK GLVWXUEDQFH SUREDELOLW\KLJK UHFRYHU\
UDWH VKRZV WKDW WKH JUDVV DEXQGDQFH UHDFKHV VLPLODU OHYHOV RI HTXLOLEULXP
LQ WKH WKUHH VLWXDWLRQV 7KH ORZ GLVWXUEDQFH SUREDELOLW\ORZ UHFRYHU\ UDWH
VFHQDULR KDV ODUJHU IOXFWXDWLRQV DQG D ORQJHU SHULRG RI GLVWXUEDQFH ZKLOH
WKH KLJK SUREDELOLW\KLJK UHFRYHU\ UDWH VFHQDULR KDVPDQ\ VKRUWHU VPDOOHU
GLVWXUEDQFH 7KH WUDQVLWLRQ VFHQDULR¶V FKDUDFWHULVWLF LV LQ EHWZHHQ 7KLV
LV PRUH FOHDUO\ VKRZQ LQ )LJXUH  )RU VKUXE DEXQGDQFHV DOO WKUHH
VFHQDULRV KDYH KLJKHU IOXFWXDWLRQV )LJXUH 
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)LJXUH  *UDVV DQG VKUXE DEXQGDQFH LQ D WUDQVLWLQJ V\VWHP 7KH
SDWWHUQ DIWHU WKH WUDQVLWLRQ KDV FKDQJHG 7KH DEXQGDQFH RI JUDVV
LV EHWZHHQ WKDW RI D FRQVWDQWO\ QRPDGLF DQG WKDW RI D FRQVWDQWO\
UDQFKLQJ VLWXDWLRQ EXW WKH SDWWHUQ LQ JHQHUDO LV QRW PXFK GLI
IHUHQW IURP RWKHU VFHQDULRV

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)LJXUH  *UDVV DEXQGDQFH LQ KLJKORZ GLVWXUEDQFH SUREDELOLW\ KLJKORZ UHFRYHU\ UDWH DQG WUDQVLWLRQ VFHQDULRV 7KH ORZ GLVWXU
EDQFHUHFRYHU\ UDWH FRQGLWLRQ VHHPV WR FDXVH KLJKHU IOXFWXDWLRQ LQ JUDVV DEXQGDQFH
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)LJXUH  6KUXE DEXQGDQFH LQ KLJKORZ GLVWXUEDQFH SUREDELOLW\ KLJKORZ UHFRYHU\ UDWH DQG WUDQVLWLRQ VFHQDULRV )OXFWXDWLRQV LQ
DOO WKUHH FRQGLWLRQV DUH VLPLODU
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7KH IRXUWK VFHQDULR LQYROYHV FRPELQDWLRQ RI WKH VFHQDULRV GLVFXVVHG
DERYH ZKHUH JUDVV LV UHGXFHG UHFRYHU\ UDWH GURSV DQG WKH SUREDELOLW\
RI ILUH ULVN LQFUHDVHV 7KH UHVXOW LV VKRZQ LQ )LJXUH  ,W FDQ EH VHHQ
WKDW WKH V\VWHP HYHQWXDOO\ UHDFKHV D SRLQW ZKHUH WKH JUDVVVKUXE UDWLR
LV FORVH WR  EXW WKH JUDVV DQG VKUXE DEXQGDQFHV DW WKH PD[LPXP DQG
WKH HTXLOLEULXP DUH DSSDUHQWO\ ORZHU WKDQ LQ RWKHU VFHQDULRV 7KH LPSDFW
RI GLVWXUEDQFHV LV PRUH SURQRXQFHG LQ WKH HDUO\ SHULRG 7KH SDUDPHWHU
VHWWLQJV DUH DV IROORZV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^Zvrrx5^jhk`ododji +).
`Zvb'rx5_dnopm]\i^` +),
`Zvgx5gdq`noj^f_dnopm]\i^` +),
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7KH ILIWK VFHQDULR VLPXODWHV LQFUHDVLQJ SRSXODWLRQ SUHVVXUH LQ D UDQFK
LQJ SUDFWLFH VHWWLQJ 7KH UHVXOW VKRZV WKDW DW WKH HQG RI WKH VLPXODWLRQ
SHULRG VKUXE VSHFLHV KDYH DGYDQWDJH LQ WKH V\VWHP )LJXUH 
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)LJXUH  *UDVV DQG VKUXE DEXQGDQFH LQ D FRPELQHG VFHQDULR ZLWK
OHVV LQLWLDO JUDVV DEXQGDQFH KLJKHU ILUH ULVN DQG LQ D WUDQVIRUP
LQJ V\VWHP 7KH JUDVV DEXQGDQFH LV HYLGHQWO\ PRUH VLJQLILFDQWO\
LPSDFWHG WKDQ WKH VKUXE DEXQGDQFH
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)LJXUH  *UDVV DQG VKUXE DEXQGDQFH LQ WKH FRQWH[W RI LQFUHDVLQJ
JUD]LQJ LQWHQVLW\ 7KH HIIHFW RI JUD]LQJ LV SURQRXQFHG LQ JUDVV
DEXQGDQFH 6KUXE JDLQV UHODWLYH DQG VKRUWWHUP DGYDQWDJH DV
WKH JUD]LQJ SUHVVXUH RQ JUDVV LV LQWHQVLILHG EXW LV VWLOO VXEMHFW WR
GHFUHDVH GXH WR JUD]LQJ

&+$37(5  5(68/76
 $OWHUQDWLYH PRGHO FRQVWUXFWLRQV
%\ FKDQJLQJ WKH DPRXQW RI IRUDJH IURP D SRUWLRQ RI DYDLODEOH JUDVV DQG
VKUXE WR D JLYHQ FRQVWDQW YDOXH DQG XVLQJ SDUDPHWHUV EDVHG RQ WKH SD
UDPHWHU VHW RI WKH ³QXOO´ PRGHO LW ZDV IRXQG WKDW LQ WKLV FRQVWUXFWLRQ WKH
V\VWHP DUULYHV DW D VLPLODU GRPDLQ RI DWWUDFWLRQ EXW WKH DYDLODELOLW\ RI
VKUXE LV PRUH VLJQLILFDQWO\ LQIOXHQFHG E\ WKH OHYHO RI JUD]LQJ 7KH V\VWHP
DOVR KDV OHVV IOXFWXDWLRQV GXH WR GLVWXUEDQFH EHIRUH LW UHDFKHV WKH HTXL
OLEULXP )LJXUH  7KH YDOXH RI JUD]LQJ LQWHQVLW\ KDV DQ HIIHFW RQ WKH
WUDMHFWRU\ RI JUDVVVKUXE YDOXH SDLUV DQG WKH SRVLWLRQ RI WKH HTXLOLEULXP
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)LJXUH  *UDVV DQG VKUXE DEXQGDQFH XQGHU WKH FRQVWDQW DQG HTXDO
JUD]LQJ OHYHO *UDVV VKRZV UHODWLYH DGYDQWDJH LQ UHFRYHU\ UDWH
$QRWKHU DOWHUQDWLYH WHVWHG ZDV WR VHW WKH LQLWLDO DEXQGDQFH RI JUDVV RU
VKUXE WR  ZKLOH WKH RWKHU SDUDPHWHUV DUH WKRVH RI WKH QXOO PRGHO ,Q
ERWK VLWXDWLRQ WKH RWKHU YHJHWDWLRQ KDG DQ DOPRVW PRQRWRQLF LQFUHDVH
DW WKH EHJLQQLQJ $IWHU UHDFKLQJ D FHUWDLQ YDOXH WKH LQIOXHQFH RI GLVWXU
EDQFH EHJDQ WR SURQRXQFH LWVHOI DQG WKH DEXQGDQFH IOXFWXDWHG DURXQG
WKH YDOXH *UDVV YHJHWDWLRQ UHDFKHV WKH HTXLOLEULXP YDOXH ODWHU DQG WKH
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YDOXH LV KLJKHU SRVVLEO\ GXH WR ORZHU JURZWK UDWH RI JUDVV DQG OHVV LPSDFW
RI GLVWXUEDQFHV VHH )LJXUH  DQG 
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)LJXUH  6KUXE DEXQGDQFH ZLWKRXW JUDVV H[LVWHQFH DQG FRPSHWL
WLRQ 7KH UHVXOW LV KLJKHU DEXQGDQFH 7KH IOXFWXDWLRQ SDWWHUQ
LV QRW VLJQLILFDQWO\ FKDQJHG
7KH WKLUG DOWHUQDWLYH LV WR VHW WKH LQWHUVSHFLHV FRPSHWLWLRQ FRHIILFLHQW
cw g DQG c g w WR  7KH VLPXODWLRQ UHVXOW VKRZV WKDW WKH HTXLOLEULXP OHYHO
LV KLJKHU WKDQ WKH QXOO PRGHO DQG PRUH UDQGRPQHVV DURXQG WKH HTXLOLE
ULXP FDQ EH REVHUYHG )LJXUH  ,I WKH GLVWXUEDQFH OHYHO RU ILUH ULVN
LQFUHDVHV WKH WUDMHFWRU\ RI JUDVV DQG VKUXE DEXQGDQFH FRPSDUHG WR WKH
VLPLODU VFHQDULR ZLWK LQWHUVSHFLHV FRPSHWLWLRQ DOVR KDV PRUH YDULDWLRQ DV
)LJXUH  DQG  VKRZV
)LQDOO\ DVVXPLQJ GLVWXUEDQFHV GR QRW DIIHFW OLYHVWRFN QXPEHUV DQG
JUD]LQJ OHYHO WKH SDUDPHWHU OLYHVWRFN GLVWXUEDQFH ZDV VHW WR  7KH VKDSH
RI WKH UHVXOWHG FXUYH LV VLPLODU WR WKDW JHQHUDWHG E\ WKH ³QXOO´ PRGHO %XW
WKH IUHTXHQF\ RI IOXFWXDWLRQ RI YHJHWDWLRQ DEXQGDQFH EHIRUH DQG LQ WKH

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)LJXUH  *UDVV DEXQGDQFH ZLWKRXW VKUXE H[LVWHQFH )OXFWXDWLRQ
GXH WR VWRFKDVWLFLW\ LV YHU\ OLPLWHG
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)LJXUH  :LWKRXW LQWHUVSHFLHV FRPSHWLWLRQ WKH HTXLOLEULXP UHDFKHV
D KLJKHU OHYHO EXW WKH LPSDFW RI UDQGRP GLVWXUEDQFHV LV PRUH
SURQRXQFHG
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)LJXUH  1R LQWHUVSHFLHV FRPSHWLWLRQ ZLWK GLVWXUEDQFH OHYHO  
,QFUHDVLQJ GLVWXUEDQFH OHYHO KDV OLPLWHG HIIHFW ZLWKRXW LQWHU
VSHFLHV FRPSHWLWLRQ
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)LJXUH  1R LQWHUVSHFLHV FRPSHWLWLRQ ZLWK ILUH ULVN   7KH
DEXQGDQFH OHYHO DW ZKLFK WKH V\VWHP HQWHUV HTXLOLEULXP LV ORZHU
FRPSDUHG WR WKDW ZKHQ ILUH ULVN   *UDVV DQG VKUXE DEXQGDQFH
DUH VLPLODUO\ LQIOXHQFHG E\ ILUH

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HTXLOLEULXP KDV LQFUHDVHG )LJXUH 
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)LJXUH  *UDVV DQG VKUXE DEXQGDQFH WUDMHFWRU\ ZKHQ WRWDO JUD]LQJ
LQWHQVLW\ LV QRW LQIOXHQFHG E\ WKH OLYHVWRFN SRSXODWLRQ 7KH IOXF
WXDWLRQ RI JUDVV E\ GLVWXUEDQFH LV PRUH SURQRXQFHG
 6SDWLDOLVHG PRGHO
7KH ODQG FRYHU W\SHV XVHG LQ WKH FRQVWUXFWLRQ RI WKHPRGHO VHH 6HFWLRQ 
WXUQHG RXW WR KDYH D LPSDFW RQ WKH DEXQGDQFH FKDQJH RI JUDVV DQG VKUXE
,Q PRVW FDVHV WKH ODQG FRYHU W\SH GHWHUPLQHG WKH OHYHO RI DEXQGDQFH
FKDQJHV EXW WKHUH ZHUH DOVR FDVHV LQ ZKLFK VPDOO SDWFKHV VXUURXQGHG
E\ RWKHU ODQG FRYHU W\SHV KDG FKDQJHV VLPLODU WR WKH VXUURXQGLQJ SL[
HOV UDWKHU WKDQ WKH FKDUDFWHULVWLF FKDQJHV RI LWV RZQ ODQG FRYHU W\SH VXJ
JHVWLQJ WKDW WKH FKDQJHV FDQ VSUHDG WKURXJK VSDFH 3L[HOV DURXQG ZDWHU
SDWFKHV VKRZHG PRUH GHFUHDVH GXH WR PRUH JUD]LQJ WDNLQJ SODFH DURXQG
SRROV DQG ODNHV LQ PRGHO GHVLJQ ,Q 1RUWKHUQ 7LEHW GHVSLWH WKH IDFW WKDW
WKH LQLWLDO DEXQGDQFH RI JUDVV LV ORZHU DQG FRPSHWLWLRQ IURPVKUXEV KLJKHU
LQ RSHQ VKUXEODQG WKDQ LQ JUDVVODQG WKH GHFUHDVH RI JUDVV DW WKH HQG RI

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VLPXODWHG SHULRG LV KLJKHU LQ RSHQ VKUXEODQG VHH )LJXUH  7KH ODQG
W\SH ³%DUH *URXQG´ WHQGHG WR KDYH WKH KLJKHVW OHYHO RI GHFUHDVH GXH WR
LQFUHDVHG FRPSHWLWLRQ FDXVHG E\ OLPLWHG UHVRXUFHV 7KH SDWWHUQ LV FRQVLV
WHQW IRU ORQJWHUP FKDQJHV ZKLOH LQ WKH VKRUW WHUP WKH WUHQG LVPRUH FRP
SOLFDWHG ,Q WKH ILUVW IHZ \HDUV RI VLPXODWHG SHULRG WKH FKDQJHV RI DEXQ
GDQFH DUH QRW VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ ODQG FRYHU W\SHV EXW GLIIHU
HQFHV EHFRPH PRUH SURQRXQFHG LQ ODWHU SHULRGV 7KH FKDQJH LQ VKUXE
DEXQGDQFH LV VLPLODU WR WKDW RI JUDVV DEXQGDQFH ,Q VKRUW WLPH SHULRGV
KRZHYHU VKUXE DEXQGDQFH PD\ KDYH ODUJHU IOXFWXDWLRQV

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)LJXUH  D VKRZV WKH VLPXODWHG FKDQJHV LQ JUDVV DEXQGDQFH LQ
QRUWKHUQ 7LEHW ZLWK ODQG FRYHU W\SHV VKRZQ LQ E F VKRZV
WKH JHRJUDSKLF ORFDWLRQ RI WKH LPDJHV

&KDSWHU 
'LVFXVVLRQ
,Q WKLV FKDSWHU LVVXHV WKDW HPHUJHG GXULQJ WKH VWXG\ DUH GLVFXVVHG LQPRUH
GHWDLO LQ RUGHU WR UHYHDO WKHLU LPSOLFDWLRQV IRU WKH DUHD¶V UHVLOLHQFH DQG
RWKHU VXVWDLQDELOLW\ LVVXHV 7KH IDFWRUV LQFOXGH (O 1LxR HYHQWV FURVVVFDOH
LQWHUDFWLRQV DQG WKH ODUJHO\ FRPSOHWHG SDVWRUDOLVP WUDQVIRUPDWLRQ LQ WKH
DUHD 7KH LPSDFW RI GLIILFXOWLHV LQ REWDLQLQJ GDWD RQ WKH VWXG\¶V DVVXPS
WLRQV DQG UHVXOWV LV DOVR GLVFXVVHG KHUH
 (IIHFWV RI (O 1LxR SKHQRPHQRQ RQ UH
VLOLHQFH
,W ZDV IRXQG WKDW (O 1LxR HYHQWV DUH D VLJQLILFDQW IDFWRU LQIOXHQFLQJ WKH
DUHD¶V FOLPDWH DQG YHJHWDWLRQ UHVSRQVHV DV ZHOO 7KH VWXG\ RI WKH LPSDFW
RI UHFXUULQJ (O 1LxR HYHQWV RQ UHVLOLHQFH LV D QHFHVVDU\ SDUW RI WKH UHVLO
LHQFH VWXG\ 7KLV VHFWLRQ DOVR GLVFXVVHV WKH FRPSOH[LW\ DQG FKDOOHQJHV RI
PRGHOOLQJ RI WKH SKHQRPHQRQ

&+$37(5  ',6&866,21
 )UHTXHQF\ RI (O 1LxR DQG IUHTXHQF\ RI GLVWXU
EDQFH
,Q WKHPRGHO XVHG LQ WKH VWXG\ WKH GLVWXUEDQFH ZDV DVVXPHG WR WDNH SODFH
DW D UHODWLYHO\ KLJK SUREDELOLW\ 7KH H[SHFWDQW IUHTXHQF\ DFFRUGLQJ WR WKH
FKDUDFWHULVWLF RI WKH JHQHUDOLVHG H[WUHPH YDOXH GLVWULEXWLRQ LV DURXQG RQH
QHZ GLVWXUEDQFH HYHU\  WR  \HDUV IRU WKH QXOO PRGHO 7KLV UHIOHFWV WKH
LGHD WKDW GURXJKW UHODWHG GLVWXUEDQFH FDXVHG E\ (O 1LxR LV D PDMRU W\SH
RI GLVWXUEDQFH RQ WKH SODWHDX 6RPH VWXGLHV VXJJHVW WKDW LQ WKH \HDU
SHULRG IURP  WR  WKHUH ZHUH  (O 1LxR \HDUV <DQJ HW DO 
$VVXPLQJ WKDW HDFK HYHQW RQ DYHUDJH ODVWHG IRU  \HDUV WKDW HTXDOV RQH
(O 1LxR HYHQW HYHU\  \HDUV 7KXV WKH SUREDELOLW\ PRGHO RI GLVWXUEDQFHV
ZHUH SDUDPHWULVHG DV LQ WKHPRGHO +RZHYHU IURP UHFRUG RYHU WKH SHULRG
IURP  WR  4XLQQ HW DO  FRQFOXGHG WKDW WKH DYHUDJH LQWHUYDO
EHWZHHQ (O 1LxR HYHQWV ZDV  \HDUV 6HD VXUIDFH WHPSHUDWXUH UHFRUGV
VKRZ WKDW LQ UHFHQW \HDUV WKH RFFXUUHQFH RI (O 1LxR LV PRUH IUHTXHQW DV
WKH  HYHQWV LQ WKH SHULRG IURP  WR  VKRZ 12$$30(/7$2 
:KDW LV DQ (O 1LxR (162" QG $W SUHVHQW LW LV VWLOO QRW FOHDU ZKHWKHU
WKH LQFUHDVHG UHSRUW RI (O 1LxR HYHQWV UHIOHFWV D JHQXLQH LQFUHDVLQJ WUHQG
RU LV PHUHO\ GXH WR DQ LQFUHDVHG VXVFHSWLEOH SRSXODWLRQ LQ FRDVWDO DUHDV
DQG LPSURYHG REVHUYDWLRQ QHWZRUN DQG UHSRUW WHFKQRORJ\ 4XLQQ HW DO
 1RU LV LW FOHDU ZKHWKHU (O 1LxR HYHQWV ZLOO EHFRPH PRUH IUHTXHQW
LQ WKH IXWXUH %XW WKH VLPXODWLRQ RI VXFK D VFHQDULR FDQ EH UHDOLVHG E\
LQFUHDVLQJ WKH SUREDELOLW\ SDUDPHWHU LQ WKH PRGHO
%HVLGHV (O 1LxR WKHUH DUH RWKHU VRXUFHV RI GLVWXUEDQFHV DV ZHOO +RZ
HYHU GLVWXUEDQFHV IURP WKHVH VRXUFHV WDNH SODFH LQ DPRUH VWRFKDVWLFPDQ
QHU WKXV WKH PRGHO GRHV QRW VLPXODWH WKHP GLUHFWO\ 7KH GLVWXUEDQFH LQ
WKHPRGHO GRHV QRW GLVDSSHDU LPPHGLDWHO\ LQ WKH IROORZLQJ WLPH VWHS DIWHU
LW RFFXUV EXW GHFD\V LQ D H[SRQHQWLDO PDQQHU ,W LV KRSHG WKDW VRPH GLV
WXUEDQFHV FDXVHG E\ VRXUFHV RWKHU WKDQ (O 1LxR FDQ DOVR EH VLPXODWHG E\

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WKH GHFD\HG GLVWXUEDQFH 7KLV LV IRU WKH VDNH RI VLPSOLFLW\ RI WKH PRGHO
7KH SUREDELOLW\ RI GLVWXUEDQFH DQG WKH UDWH RI GHFD\ ZHUH SDUDPHWULVHG
ZLWK WKH VLPXODWLRQ RI WKH ZKROH DUHD LQ PLQG DQG DUH DJJUHJDWHG YDOXHV
,Q D VSDWLDOH[SOLFLW PRGHO WKH IUHTXHQF\ RI GLVWXUEDQFH IRU D ORFDWLRQ RU D
FHOO VKRXOG EH ORZHU ZKLOH WKH UDWH RI GHFD\ GHSHQGV RQ WKH ODQG XVH W\SH
SRVLWLRQ DQG QHLJKERXU ORFDWLRQ RU FHOOV
 $FFXPXODWHGHIIHFWV RI(O1LxRRQH[LVWLQJGLV
WXUEDQFH
,Q WKH PRGHO QHZ GLVWXUEDQFHV DQG GHFD\LQJ ROG GLVWXUEDQFHV DUH DGGHG
XS WR VLPXODWH WKH FRPELQHG HIIHFW RI PXOWLSOH GLVWXUEDQFHV WDNLQJ SODFH
LQ WKH VDPH WLPH VWHS +RZHYHU VXFK OLQHDU DGGLWLRQ PD\ QRW UHIOHFW WKH
IDFW WKDW (O 1LxR HYHQWV GR QRW RQO\ FRQVWLWXWH GLVWXUEDQFH EXW DOVR HQ
KDQFH RWKHU GLVWXUEDQFH IDFWRUV LQ D QRQOLQHDU PDQQHU )RU H[DPSOH
WKHUH LV HYLGHQFH VKRZLQJ WKDW UHGXFHG SUHFLSLWDWLRQ LQ (O 1LxR HYHQWV LQ
,QQHU 0RQJROLD FDQ FDXVH UDSLG LQFUHDVHV LQ WKH SRSXODWLRQ RI URGHQWV
WKXV VWUHQJWKHQLQJ WKH GLVWXUEDQFH FDXVHG E\ WKHVH VSHFLHV =KDQJ DQG
3HFK  $V 7LEHWDQ DQG ,QQHU 0RQJROLDQ JUDVVODQGV DUH VLPLODUO\ LQ
IOXHQFHG E\ (O 1LxR HYHQWV LW FDQ EH H[SHFWHG WKDW VLPLODU IOXFWXDWLRQV
RI URGHQW SRSXODWLRQ PD\ KDSSHQ RQ WKH SODWHDX 2Q WKH RWKHU KDQG WKH
HIIHFW RI (O 1LxR QDPHO\ UHGXFHG WHPSHUDWXUH DQG SUHFLSLWDWLRQ LQ WKH
VXPPHU PD\ DOVR HQKDQFH GURXJKW GLVWXUEDQFHV E\ LQFUHDVLQJ WKH DUHD
LPSDFWHG DQG OHQJWKHQLQJ WKH SHULRG IRU WKH YHJHWDWLRQ WR UHFRYHU IURP
WKH GURXJKW 7KH LPSDFW RQ UHVLOLHQFH PD\ EH PRUH VLJQLILFDQW LI D VHULHV
RI (O 1LxR HYHQWV WDNH SODFH LQ D VKRUW WLPH SHULRG
(O 1LxR HYHQWV QRW RQO\ LQFUHDVH WKH LQWHQVLW\ RI GURXJKW EXW DOVR
PDNH GURXJKW GLVDVWHUVPRUH IUHTXHQW &OLPDWH VWDWLVWLFV KDYH VKRZQ WKDW
GURXJKW IUHTXHQF\ ZRUOGZLGH LV OLQNHG WR (162 HYHQWV ZKLOH PDQ\ VLJ
QLILFDQW GURXJKW GLVDVWHUV LQFOXGLQJ WKRVH LQ 7LEHW WHQG WR KDSSHQ LQ
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WKH VHFRQG \HDU RI (O 1LxR HYHQWV 'LOOH\ DQG +H\PDQ  2Q WKH
7LEHWDQ 3ODWHDX DVLGH IURP UHGXFLQJ SUHFLSLWDWLRQ LQ VXPPHU (O 1LxR
HYHQWV FDXVH PRUH ZLQWHU SUHFLSLWDWLRQ LQ WKH IRUP RI VQRZ 7KLV SDUW
RI SUHFLSLWDWLRQ FDQ KDUGO\ EH XWLOLVHG E\ YHJHWDWLRQ EXW RIWHQ LPSHGHV
JHUPLQDWLRQ RI JUDVV LQ WKH QH[W VSULQJ FDXVLQJ D ORVV RI WKH YLDEOH VHHG
EDQN 0RUHRYHU WKH UHVXOWLQJ ORFDO VKRUWDJH RI KHUEDJH FDXVHV ORVV LQ OLYH
VWRFN RU DOWHUQDWLYHO\ WKH JUD]LQJ SUHVVXUH LV LQFUHDVHG RQ SDVWXUHV OHVV
LPSDFWHG E\ WKH PHDQV RI PLJUDWLRQ RI SDVWRUDOLVWV DQG OLYHVWRFN FDXVLQJ
D PLJUDWHG FURVVVFDOH LPSDFW
7KHVH HIIHFWV EULQJ JUHDWHU XQFHUWDLQW\ WR WKH PRGHOOLQJ IRU UHVLOLHQFH
VWXGLHV ,I VHHG EDQN DQG ZDWHU DYDLODELOLW\ DUH FRQVLGHUHG DV VORZ YDUL
DEOHV WKDW GHWHUPLQH WKH NH\ IXQFWLRQV DQG EHKDYLRXU RI WKH V\VWHP LW LV
VWLOO GLIILFXOW WR WHOO ZKDW LV WKH FRPELQHG LPSDFW RI GURXJKW DQG UHFXUULQJ
(O 1LxR HYHQWV :KDW PDNHV WKH TXHVWLRQ HYHQ PRUH FRPSOLFDWHG LV WKH
QRQOLQHDU DQG FURVVVFDOH QDWXUH RI (O 1LxR HYHQWV¶ LPSOLFDWLRQV )RU WKH
SXUSRVH RI WKH VWXG\ WKH LPSDFW RI (O 1LxR HYHQWV FDQ EH TXDOLWDWLYHO\
VWXGLHG E\ DGMXVWLQJ WKH SDUDPHWHUV RI WKH PRGHO ZKLFK LV SUREDEO\ VXI
ILFLHQW IRU WKH QHHG RI VLPXODWLQJ G\QDPLFV ,I D VSDWLDOO\ H[SOLFLW PRGHO LV
XVHG LW LV QHFHVVDU\ WR XQGHUVWDQG WKH VSDWLDO KHWHURJHQHLW\ RI UHVSRQVHV
RI GLIIHUHQW ORFDWLRQV WR WKH HYHQWV FRQVLGHULQJ WKH DYDLODELOLW\ RI ORFDO
ZDWHU VRXUFH ODQG XVH W\SHV DQG PDQDJHPHQW ,W ZRXOG EH GHVLUDEOH WR
H[SOLFLWO\ VLPXODWH WKH VSDWLDO DQG WHPSRUDO LPSDFW RI (O1LxR HYHQWV LQ RU
GHU WR UHYHDO KRZ LW LQIOXHQFHV WKH PHFKDQLVP RI WKH V\VWHP LQ TXHVWLRQ
EXW WKDW LV EH\RQG WKH VFRSH RI WKLV WKHVLV
 0RGHOOLQJ (O 1LxR
*LYHQ WKH QRQOLQHDU DQG FURVVVFDOH QDWXUH RI (O 1LxR LPSDFWV LW LV HDV
LHU WR PRGHO WKH SKHQRPHQD LQ DQ DJJUHJDWHG ZD\ UDWKHU WKDQ PDNLQJ LW
VSDWLDOO\ DQG PHFKDQLFDOO\ H[SOLFLW ,Q WKLV VWXG\ WKH PRGHO VLPSO\ UH
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JDUGV (O 1LxR HYHQWV DV DQ DUHDO GLVWXUEDQFH DQG GRHV QRW GLVWLQJXLVK LW
IURPRWKHU GLVWXUEDQFHV %HFDXVH WKHPRGHO KDV QR VSDWLDO GLPHQVLRQ DQG
LV ODUJHO\ TXDOLWDWLYH GRLQJ VR DYRLGV EULQJLQJ XQQHFHVVDU\ FRPSOH[LWLHV
LQWR WKH VWXG\ $V WKH LQIRUPDWLRQ RQ WKH TXDQWLWDWLYH LPSDFW RI (O 1LxR
RQ WKH SODWHDX LV VWLOO QRW DYDLODEOH LW LV QRW DSSURSULDWH WR WU\ WR TXDQWLI\
WKH LQGLYLGXDO LPSDFW RI WKLV GLVWXUEDQFH DV ZHOO DV PDQ\ RWKHUV¶ +RZ
HYHU WKH UHVHDUFKHU GRHV DVVXPH WKDW WKH FROOHFWLYH HIIHFW RI WKHVH GLVWXU
EDQFHV FDQ EH UHSUHVHQWHG E\ WKH FRPELQDWLRQ RI VWRFKDVWLF RFFXUUHQFH RI
QHZ GLVWXUEDQFHV DQG GHFD\LQJ ROG RQHV LQ WKH EHOLHI WKDW WKLV SDWWHUQ UH
IOHFWV KRZ YHJHWDWLRQ UHVSRQGV WR GLVWXUEDQFH DQG UHFRYHUV IURP LW 7KH
QRQOLQHDULWLHV RI (O 1LxR DQG SRVVLEO\ RWKHU GLVWXUEDQFHV LQ WKLV YLHZ
HPHUJH DV WKH FRPELQDWLRQ RI PDWKHPDWLFDOO\ WUDFWDEOH SURFHVVHV \HW FD
SDEOH RI UHSUHVHQWLQJ GLVFRQWLQXLW\ DQG VXUSULVHV PDNLQJ WKH VLPXODWLRQ
RI GLVWXUEDQFHV LQ D FRPSOH[ V\VWHP VROYDEOH ,Q D VWXG\ RI RYHUDOO UHVLO
LHQFH RI D FRPSOH[ V\VWHP VXFK DVVXPSWLRQ DQG VLPSOLILFDWLRQ PD\ ZHOO
EH QHFHVVDU\ LQ WKH FRQWH[W RI FXUUHQW XQGHUVWDQGLQJ RI VRFLRHFRV\VWHP
SURFHVVHV DQG DYDLODEOH GDWD
7KHUH KDYH EHHQ DWWHPSWV WR VLPXODWH (O 1LxR HYHQWV ZLWK JHQHUDO FLU
FXODWLRQ PRGHOV *&0 +RZHYHU WKH FRPSOH[LW\ DQG HIIRUW LQYROYHG LQ
VXFK VWXGLHV PHULW D VWDQGDORQH UHVHDUFK SURMHFW LI QRW PDQ\ UHODWHG SUR
MHFWV 7KXV LQ WKLV VWXG\ *&0V FDQQRW EH XVHG WR SURYLGH D PRUH DFFXUDWH
HVWLPDWLRQ RI (O 1LxR¶V LPSDFW RQ FOLPDWH 7KH UHVHDUFKHU¶V FOLPDWH XQ
GHUVWDQGLQJ KDV EHHQ LQIRUPHG E\ WKHVH PRGHOV ZKLFK FDQ DOVR SURYLGH
LQIRUPDWLRQ RQ SRVVLEOH FOLPDWH VFHQDULRV LQ WKH IXWXUH DQG LQIRUP UHVLO
LHQFH VWXGLHV
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 0HDQV DQG LPSOLFDWLRQV RI VFHQDULRV
9DULRXV VFHQDULRV ZHUH GHVLJQHG DQG VLPXODWHG E\ FKDQJLQJ WKH H[SUHV
VLRQ RU SDUDPHWHUV XVHG LQ WKH PRGHO 7KH SXUSRVH ZDV WR TXDOLWDWLYHO\
LGHQWLI\ WKH LPSDFW RI FKDQJHG HQYLURQPHQW SROLF\ RUPDQDJHPHQW VW\OHV
DQG WR LQIRUP WKH GHVLJQ RI D PRUH TXDQWLILHG VSDWLDOO\H[SOLFLW PRGHO $
GHIDXOW VFHQDULR ZLWK OLJKW JUD]LQJ ZDV ILUVW VLPXODWHG WR SURYLGH D UHIHU
HQFH ,I WKH GHIDXOW VFHQDULR LV DOWHUHG E\ FKDQJLQJ WKH LQLWLDO DEXQGDQFH
RI JUDVV RU VKUXE JLYHQ DGHTXDWH SHULRG RI VLPXODWLRQ WKH UDWLR RI JUDVV
DQG VKUXE DW WKH HQG ZLOO EH FORVH WR  7KLV LV EHFDXVH WKH PRGHO KDV
FKRVHQ D UHODWLYHO\ KLJK LQWUDVSHFLHV FRPSHWLWLRQ FRHIILFLHQW ZKLFK OLPLWV
WKH KLJKHVW DEXQGDQFH OHYHO D VSHFLHV FDQ DFKLHYH DQG SDUWLDOO\ OLPLWV WKH
KLJKHVW SRVVLEOH UDWH RI JURZWK ,Q WKLV SDUDPHWHU VHW WKH YDOXH RI WKH LQ
WHUVSHFLHV FRPSHWLWLRQ FRHIILFLHQW KDV QR VLJQLILFDQW UROH EHFDXVH WKH OLP
LWLQJ HIIHFW RI LQWUDVSHFLHV FRPSHWLWLRQ ZLOO EHFRPHPDQLIHVW HDUOLHU &RQ
VLGHULQJ WKH IDFW WKDW RQ WKH 7LEHWDQ 3ODWHDX HVSHFLDOO\ LWV QRUWKHUQ DQG
ZHVWHUQ SDUW VKUXE DQG JUDVV FRPPXQLWLHV KDYH UHODWLYHO\ FOHDU ERUGHUV
DQG DUH OLPLWHG PDLQO\ E\ ORZ QXWULHQW DQG ZDWHU DYDLODELOLW\ WKH KLJK
LQWUDVSHFLHV ORZ LQWHUVSHFLHV FRPSHWLWLRQ DVVXPSWLRQ VHHPV WR EH YDOLG
%XW ERWK FRHIILFLHQWV FDQ EH WXUQHG GRZQ WR PDNH HIIHFWV RI RWKHU IDFWRUV
PRUH SURQRXQFHG
7KH FOLPDWH FKDQJH VFHQDULR VLPXODWHV WKH LQIOXHQFH RI D SRVVLEOH FOL
PDWH FKDQJH HYHQW LQZKLFK WKH YHJHWDWLRQ¶V UHFRYHU\ UDWH LV ORZHU DQG WKH
SUREDELOLW\ RI GLVWXUEDQFH KLJKHU 7KH HIIHFW RI LQFUHDVHG GLVWXUEDQFH FDQ
EH REVHUYHG HDUO\ LQ WKH VLPXODWLRQ %XW WKH HIIHFW ZRUWK QRWLQJ LV WKDW DI
WHU JUDVV DQG VKUXE DEXQGDQFH UHDFK DQ HTXLOLEULXP OHYHO WKHLU WUDMHFWRU\
LV FRQILQHG WR D VPDOOHU VSDFH FRPSDUHG WR WKH GHIDXOW VFHQDULR HVSHFLDOO\
IRU WKDW RI JUDVV ,Q ORQJHU WHUP VLPXODWLRQV ZLWK WKLV VFHQDULR WKH HIIHFW LV
PRUH SURQRXQFHG 7KLV PD\ LQGLFDWH WKDW LQ WKLV VFHQDULR WKH DEXQGDQFH
RI VKUXE DQG JUDVV HQWHU D GRPDLQ RI DWWUDFWLRQ ZLWK KLJK UHVLOLHQFH \HW
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WKH RXWFRPH RI UHGXFHG YHJHWDWLRQ FRYHU LV FHUWDLQO\ QRW GHVLUDEOH 7KH
UHVXOWV RI RWKHU VFHQDULRV DOVR VXJJHVW WKDW LQFUHDVHG ILUH ULVN PD\ LPSDFW
JUDVVODQGV VHYHUHO\
7KH XUEDQLVDWLRQ VFHQDULR LV VLPXODWHG ZLWK WKH LQLWLDO DEXQGDQFH RI
JUDVV VHW WR KDOI RI WKDW LQ WKH GHIDXOW VFHQDULR ZKLOH WKH JUD]LQJ LQWHQVLW\
LV ORZHU 7KLV LV WR VLPXODWH XUEDQLVDWLRQ LQ WKH DUHD 'XH WR WKH HIIHFW
RI LQWUDVSHFLHV FRPSHWLWLRQ JUDVV DW WKH EHJLQQLQJ ZDV DEOH WR LQFUHDVH
DW D IDVWHU UDWH (YHQWXDOO\ WKH DEXQGDQFH RI JUDVV H[FHHGV WKDW RI VKUXE
DV WKH ODWWHU LV LPSDFWHG E\ GLVWXUEDQFHV DQG LQWUDVSHFLHV FRPSHWLWLRQ
+RZHYHU WKLV VLPXODWLRQ DVVXPHV WKDW JUDVV RQ WKH UHPDLQLQJ ODQG IDFHV
WKH VDPH LQWUDVSHFLHV SUHVVXUH DV EHIRUH ZKLFK LV QRW UHDOLVWLF 7KH UH
GXFHG VXLWDEOH ODQG IRU JURZWK ZLOO FDXVH LQFUHDVHG LQWUDVSHFLHV FRPSH
WLWLRQ :LWK WKLV LQ PLQG WKH VLPXODWLRQ UHVXOW LV JLYHQ LQ )LJXUH  ,W
FDQ EH VHHQ WKDW JUDVV LV VWLOO DEOH WR LQFUHDVH IURP D ORZHU OHYHO EXW WKH
EDODQFH LV HVWDEOLVKHG DW D VPDOOHU DEXQGDQFH IRU JUDVV
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)LJXUH  8UEDQLVDWLRQ FDXVHG VFHQDULR ZLWK UHGXFHG JUDVVODQG DQG
LQFUHDVHG LQWUDVSHFLHV FRPSHWLWLRQ RI JUDVV

&+$37(5  ',6&866,21
7KH WUDQVLWLRQ VFHQDULR DWWHPSWV WR VLPXODWH WKH LQIOXHQFH RI WUDQV
IRUPLQJ QRPDGLVP LQWR UDQFKLQJ SUDFWLFHV LQ WKH SURFHVV RI ZKLFK ERWK
WKH SUREDELOLW\ RI GLVWXUEDQFH DQG WKH UHFRYHU\ UDWH DUH UHGXFHG 7KH FRP
SDULVRQ RI JUDVV DQG VKUXE DEXQGDQFH G\QDPLFV EHIRUH DQG DIWHU WKH WUDQ
VLWLRQ VKRZV DV H[SHFWHG WKDW WKH ORZ GLVWXUEDQFH SUREDELOLW\UHFRYHU\
UDWH SKDVH VKRZV ORQJHU SHULRGV RI GLVWXUEDQFH DQG ODUJHU IOXFWXDWLRQV
LQ YHJHWDWLRQ DEXQGDQFH ZKLOH WKH KLJK GLVWXUEDQFH SUREDELOLW\UHFRYHU\
UDWH SKDVH VKRZV D VHULHV RI VKRUW VPDOOHU IOXFWXDWLRQV 7KH ILQDO DEXQ
GDQFH RI JUDVV DQG VKUXE LV QRW VLJQLILFDQWO\ GLIIHUHQW LQ GLIIHUHQW SUDF
WLFHV +RZHYHU WKLV VLPXODWLRQ KDV WDNHQ D YHU\ SDUWLDO YLHZ RQ WKH LPSDFW
RI WKH WUDQVLWLRQ :KHQ QRPDGLF SDVWRUDOLVP LV WUDQVIRUPHG WR VHGHQWDU\
SDVWRUDOLVP WKH JUD]LQJ LQWHQVLW\ RQ D SDVWXUH ZLOO LQFUHDVH ZKLOH D SDUW
RI WKH JUD]LQJ SUHVVXUH RULJLQDOO\ RQ VKUXE ZLOO EH WUDQVIHUUHG WR JUDVV
,Q UDQFKLQJ SUDFWLFH WKH JUD]LQJ LQWHQVLW\ RQ JUDVV DQG VKUXE GRHV QRW
UHVSRQG WR WKH VXP DQG SURSRUWLRQ RI WKHLU DYDLODELOLW\ DV WKH PRGHO LP
SOLHV EXW LV PDLQWDLQHG DW D FHUWDLQ OHYHO DV ORQJ DV HQRXJK KHUEDJH FDQ
EH SURYLGHG E\ WKH JUDVVODQG 5DQFKHUV PD\ LPSURYH WKHLU JUDVVODQG VR
JUDVV KDV KLJKHU JURZWK UDWH rg   DQG OHVV LQWUDVSHFLHV FRPSHWLWLRQ
&RQVLGHULQJ WKHVH IDFWRUV D VLPXODWLRQ FDQ VKRZ WKDW LQ UDQFKLQJ SUDFWLFH
JUDVV DEXQGDQFH FDQ UHDFK D KLJK OHYHO ZLWKLQ WKH UDQFK DQG HOLPLQDWH
VKUXE HYHQ LI OLWWOH PDQDJHPHQW RI VKUXE LV LPSOHPHQWHG )LJXUH  DV
VXPLQJ WKH KLJK JURZWK UDWH RI JUDVV FDQ EHPDLQWDLQHG 7KH WUDMHFWRU\ RI
JUDVV DQG VKUXE DVVXPLQJ RQO\ PLQLPXP JUD]LQJ UHPDLQV LV VLPLODU WR
WKDW RI WKH GHIDXOW VFHQDULR 7KH ILIWK VFHQDULR FDQ EH UHJDUGHG DV WKH FRQ
WLQXDWLRQ RI WKH IRXUWK EXW GLIIHUHQW LQ WKDW JUD]LQJ LQWHQVLW\ LV FRQVWDQWO\
LQFUHDVLQJ FDXVLQJ WKH JUDVV WR EH UHSODFHG E\ VKUXE

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)LJXUH  ,Q UDQFKLQJ SUDFWLFH WKH DEXQGDQFH RI JUDVV DQG VKUXE SUR
YLGHG WKDW WKH SDVWXUH LV LPSURYHG WR VXSSRUW D KLJK JURZWK UDWH
RI JUDVV
 'LVFXVVLRQ RI UHVXOWV DQG UHVLOLHQFH
 )UHTXHQF\ RI GLVWXUEDQFH DQG SHUVLVWHQFH RI
YHJHWDWLRQ
7KH VLPSOH VWDWLVWLFV RQ UHPRWHO\ VHQVHG LPDJHV RI 1'9, VXJJHVW WKDW LQ
WKH VHFRQG \HDU RI (O 1LxR HYHQWV YHJHWDWLRQ LV QHJDWLYHO\ LPSDFWHG E\ UH
GXFHG VXPPHU SUHFLSLWDWLRQ DQG WHPSHUDWXUH $V GLVFXVVHG SUHYLRXVO\
WKLV KDV DQ LPSDFW RQ WKH YLDELOLW\ RI VHHG EDQN DQG ZDWHU DYDLODELOLW\
ZKLFK DUH WKH VORZ YDULDEOHV RI WKH V\VWHP 7KXV WKH IUHTXHQW RFFXUUHQFH
RI (O 1LxR ZLOO LPSDFW RQ WKH DELOLW\ RI YHJHWDWLRQ WR FRSH ZLWK RWKHU GLV
WXUEDQFHV DQG PDLQWDLQ NH\ IXQFWLRQV 7KH V\VWHP¶V UHVLOLHQFH LV WKHQ LQ
IOXHQFHG E\ KRZ IUHTXHQWO\ (O 1LxR HYHQWV RFFXU &RPSDULQJ KLVWRULFDO
UHFRUGV RI (O 1LxR HYHQWV WDNLQJ SODFH EHIRUH WK FHQWXU\ DQG WKDW RI UH
FHQW  \HDUV HVSHFLDOO\ LQ WKH ODVW  \HDUV RI WKH WK FHQWXU\ LW DSSHDUV
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WKDW (O 1LxR HYHQWV KDYH RFFXUUHG PRUH IUHTXHQWO\ $OWKRXJK WKLV PD\ EH
UHODWHG WR WKH IDFW WKDW UHFHQW \HDUV¶ UHFRUGV DUH PRUH FRPSOHWH WKH SRV
VLEOH LPSOLFDWLRQV IRU WKH V\VWHP¶V UHVLOLHQFH VKRXOG QRW EH RYHUORRNHG
&RQVLGHULQJ WKH WUHQG RI JOREDO FOLPDWH FKDQJH LW LV YHU\ OLNHO\ WKDW WKH
LPSDFW RI UHGXFHG SUHFLSLWDWLRQ ZLOO EHFRPH PRUH LQWHQVLILHG 7KH ')$
UHVXOW RQ WKH DUHD¶V DYHUDJH 1'9, IXUWKHU VXJJHVW WKDW WKH ORQJ WHUP GLV
WXUEDQFH WUHQG LV SRVLWLYHO\ UHODWHG WR SDVW GLVWXUEDQFH VXJJHVWLQJ WKDW
GLVWXUEDQFH LPSDFWHG DUHDV WHQG WR KDYH PRUH GLVWXUEDQFHV LQ WKH IXWXUH
2Q WKH RWKHU KDQG WKH SHUVLVWHQFH RI1'9, DQRPDOLHV WKURXJKRXW 
±  VXJJHVWV WKDW DOWKRXJK ORFDWLRQV KDYLQJ ORQJ SHUVLVWHQW SRVLWLYH RU
QHJDWLYH YDOXHV DUH UDUH RQ D VPDOOHU WLPH VFDOH PDQ\ SL[HOV KDYH ORQJ
QHJDWLYH WUHQGV LQ WKH SHULRG IURP  ±  VXJJHVWLQJ WKDW WKH UHFRY
HU\ RI YHJHWDWLRQ DIWHU GLVWXUEDQFH LV KLQGHUHG E\ UHFXUULQJ GLVWXUEDQFHV
,W FDQ EH DUJXHG WKHQ WKDW WKH IUHTXHQWO\ RFFXUULQJ GLVWXUEDQFHV LQ V
KDV UHGXFHG WKH V\VWHP¶V DELOLW\ WR UHFRYHU 7KH UHVHDUFKHU¶V ILHOG REVHU
YDWLRQV LQ 4LQJKDL LQ  DQG LQ 7LEHW LQ  KDV ZLWQHVVHG WKH GHJUD
GDWLRQ RI JUDVVODQG DQG WKH IRUPLQJ RI GXQHV LQ KHDYLO\ GLVWXUEHG DUHDV
ZKLFK VXSSRUW WKH DUJXPHQW 6RPH DUHDV RI WKH V\VWHP KDYH HQWHUHG D
XQGHVLUDEOH VWDWH ZLWK DQ LQFUHDVLQJ UHVLOLHQFH 7R UHYHUW VXFK D VWDWH ZLOO
UHTXLUH D FKDQJH LQ WKH VORZ YDULDEOH LQ WKLV FDVH FOLPDWH WUHQG DV ZHOO DV
ORQJWHUP PDQDJHPHQW RI D YDVW JUDVVODQG ZKLFK LV GLIILFXOW WR DFKLHYH
XQGHU FXUUHQW FRQGLWLRQV
 5HVLOLHQFH RI YHJHWDWLRQ DQG WKDW RI WKH V\V
WHP
7KH VWXG\KDV IRFXVHG RQ WKH FKDQJH DQG WUHQGV RI YHJHWDWLRQ RQ WKHSODWHDX
UHSUHVHQWHGE\ WKH UHDGLQJV RI1'9, YDOXHV IURPUHPRWHO\VHQVHG LPDJHV
$V D UHVXOW WKH DQDO\VLV DQG PRGHOOLQJ KDV FRQFHUQHG YHJHWDWLRQ SURGXF
WLYLW\ DQG YLDELOLW\ )URPSUHYLRXV VHFWLRQV LW FDQ EH VHHQ WKDW TXDOLWDWLYHO\
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D ODUJH SRUWLRQ RI WKH DUHD LV KHDYLO\ GLVWXUEHG DQG VXVFHSWLEOH WR IXUWKHU
GLVWXUEDQFHV WKLV WKUHDWHQV UHVLOLHQFH LQ DUHDV WKDW DUH LQ D IDYRXUDEOH
FRQGLWLRQ ZKLOH LQFUHDVLQJ UHVLOLHQFH LQ GLVWXUEHG DUHDV FDXVLQJ WKH ORVV
RI NH\ FRPSRQHQWV DQG IXQFWLRQV WKDW LV KDUG WR UHYHUVH 7UDQVIRUPLQJ
QRPDGLF SDVWRUDOLVP WR UDQFK VW\OH SUDFWLFHV LV SUHGLFWHG E\ WKH PRGHO WR
EH DEOH WR KHOS HVWDEOLVK FRQGLWLRQV IDYRXUDEOH WR SDVWRUDOLVP ZLWKLQ WKH
UDQFK ZKLOH PDLQWDLQLQJ D UHDVRQDEOH EDODQFH RI JUDVV DQG RWKHU YHJHWD
WLRQ JLYHQ WKDW ZLOGOLIH FRPPXQLWLHV DUH LQWDFW DQG VKUXEV DUH FRQWUROOHG
+RZHYHU WKHVH WZR FRQGLWLRQV FDQQRW EHPHW ZLWKRXW FRQVLGHUDEOH LQYHVW
PHQW DQG FDUHIXO SODQQLQJ 7KH 7LEHWDQ 3ODWHDX¶V SRRU QXWULHQW FRQGLWLRQ
DQG FRPSRVLWLRQ RI VSHFLHV GHWHUPLQH WKDW JUDVV JURZWK UDWH FDQQRW EH
LPSURYHG ZLWKRXW H[WHUQDO VRXUFHV RI QXWULHQW EXW KLJKHU QXWULHQW OHY
HOV PD\ DOVR WULJJHU LQYDVLRQ RI RWKHU VSHFLHV DQG ORVV RI ELRGLYHUVLW\ $V
WKH SRSXODWLRQ RQ WKH 7LEHWDQ 3ODWHDX LQFUHDVHV WKH SUHVVXUH ZLOO UHTXLUH
PRUH SDVWXUHV WR EH WXUQHG LQWR UDQFKHV ZKLFK ZLOO LQWHQVLI\ WKH FRP
SHWLWLRQ EHWZHHQ UDQFKHV DQG QHHG IRU ZLOGOLIH FRQVHUYDWLRQ RYHU ZDWHU
VRXUFHV PLJUDWLRQ SDWKV DQG VR RQ 5DQFKLQJ SUDFWLFH FDQ DOVR LPSURYH
WKH UHVLVWDQFH WR VKRUW WHUP GLVWXUEDQFHV EXW LQ WKH ORQJHU WHUP GHDOLQJ
ZLWKPRUH IUHTXHQW DQG LQWHQVLILHG GLVWXUEDQFHVZLOO UHTXLUH WKH IOH[LELOLW\
DQG EXLOWLQ QHJDWLYH IHHGEDFNV RI QRPDGLF SDVWRUDOLVP ,I SDVWRUDOLVP LV
WR EH PDLQWDLQHG DV D SDUW RI 7LEHWDQ FXOWXUH DQG OLYHOLKRRG WKH PRELOLW\
DVVRFLDWHGZLWK QRPDGLF SDVWRUDOLVP LV VWLOO UHTXLUHG 7KHPRVW LPSRUWDQW
REMHFWLYH RI DGRSWLQJ UDQFKLQJ SUDFWLFH VKRXOG RQO\ EH IDFLOLWDWLQJ LQIUDV
WUXFWXUH DQG LQVWLWXWLRQ FRQVWUXFWLRQ LQ RUGHU WR DFKLHYH D VRFLHW\ WKDW QR
ORQJHU GHSHQGV RQ SDVWRUDOLVP WR SURYLGH OLYHOLKRRG DQG LQFRPH 1HYHU
WKHOHVV WKH WLPH DQG ILQDQFLDO FRVW RI WKLV JRDO VHHPV WR EH SURKLELWLYH
8VLQJ YHJHWDWLRQ DV D VXUURJDWH RI UHVLOLHQFH ZDV WKH PDMRU PHDQV RI
UHVHDUFK LQ WKLV VWXG\ DQG LV MXVWLILHG E\ WKH IDFW WKDW WKH JUDVVODQG VRFLR
HFRORJLFDO V\VWHP LV RUJDQLVHG DURXQG SDVWRUDO SURGXFWLRQ ZKRVH EDVH LV
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DQ DGHTXDWH VXSSO\ RI KHUEDJH +RZHYHU WKH YLDELOLW\ RI WKH HFRQRP\ LQ
WKLV V\VWHP LV QRW VROHO\ GHWHUPLQHG E\ YHJHWDWLRQ DV SDVWRUDOLVP QRZ LV
VWLOO D VRXUFH RI OLYHOLKRRG UDWKHU WKDQ D VRXUFH RI GLVSRVDEOH LQFRPH 7KH
RWKHU DVSHFW RI WKH V\VWHP¶V HFRQRP\ LV VWLOO ODUJHO\ GHWDFKHG IURP WKH QDW
XUDO SURGXFWLRQ V\VWHP 0DQ\ RWKHU VWXGLHV RI VRFLRHFRORJLFDO V\VWHPV
DOVR IRFXV RQ QDWXUDO SURGXFWLRQ EXW WKLV DSSURDFK LQHYLWDEO\ ORVHV WKH
VLJKW RI HFRQRPLF GLYHUVLW\ DQG WKH LPSOLFDWLRQ RI LQVWLWXWLRQDO FKDQJHV
WKDW GR QRW LQYROYH XVH RI QDWXUDO V\VWHPV 7KLV LV HVSHFLDOO\ WUXH LQ WKH
FRQWH[W RI WKH DUHD¶V FKDQJLQJ XUEDQ HQYLURQPHQW DQG SROLFLHV ,VVXHV
VXFK DV WKH FKDQJLQJ PLQG VHW RI WKH \RXQJHU JHQHUDWLRQ WKH GLYHUVLIL
FDWLRQ RI WKH XUEDQ ODERXU IRUFH DQG WKH IORZ RI JRRGV EHWZHHQ XUEDQ
DUHDV DQG SDVWXUH ODQG VKRXOG EH DGGUHVVHG LI D KROLVWLF UHVLOLHQFH DVVHVV
PHQW LV WR EH FDUULHG RXW +RZHYHU RQO\ D VLPSOH GLVFXVVLRQ FDQ EH JLYHQ
KHUH ,Q FRXQWLHV DQG WRZQV QHDU WKH 4LQJKDL7LEHW KLJKZD\ DQG UDLOZD\
LW LV D FRPPRQ SKHQRPHQRQ WKDW PRUH DQG PRUH SHRSOH RI WKH \RXQJHU
JHQHUDWLRQ DUH QRW ZLOOLQJ WR FDUU\ RXW WKHLU SDVWRUDO GXWLHV LQ WKH IDPLO\
,QVWHDG WKH\ DUH SRXULQJ LQWR WKH FLWLHV WR ZRUN DV EDUWHUHUV DQG FRQVWUXF
WLRQ ZRUNHUV FDXVLQJ WKH ORVV RI SDVWRUDO PHPRU\ 2Q WKH RWKHU KDQG
SDVWRUDOLVP SURGXFWV IURP 7LEHW DUH DW D GLVDGYDQWDJH LQ WKH FRPSHWL
WLRQ ZLWK SURGXFWV IURP ,QQHU 0RQJROLD RWKHU SDUWV RI &KLQD DQG HYHQ
DEURDG 7KLV PD\ OHDG PRUH SDVWRUDOLVWV WR DEDQGRQ SDVWRUDOLVP DV DQ
HFRQRP\ )URP WKLV SHUVSHFWLYH XVLQJ WKH WUDQVIRUPDWLRQ WR UDQFKLQJ WR
DFFHOHUDWH FRQVWUXFWLRQ RI QHZ WRZQV DQG LQIUDVWUXFWXUHV LV D SURSHUPHD
VXUH DV ORQJ DV WKH QHZ V\VWHP¶V IXQFWLRQ FDQ EH PDLQWDLQHG
 6FDOH LVVXHV DQG VXVWDLQDELOLW\
7KH PRGHO FDQ VLPXODWH WKH FKDQJH RI VWDWHV DQG UHVLOLHQFH WR VRPH H[
WHQW +RZHYHU LW LV GLIILFXOW WR SUHGLFW WKH LPSDFW RI FURVVVFDOH LQWHU
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DFWLRQV DQG WR ORRN DW WKH ZKROH V\VWHP¶V VXVWDLQDELOLW\ IURP D PXOWLSOH
VFDOH SHUVSHFWLYH $ VHULHV RI FKDOOHQJHV SUHVHQW WKHPVHOYHV EHIRUH WKH
PXOWLVFDOH SUREOHPV FDQ EH FRUUHFWO\ SHUFHLYHG 7KHVH FKDOOHQJHV LQFOXGH
WKH LJQRUDQFH RI FRPSOH[ KXPDQHQYLURQPHQW V\VWHP LQWHUDFWLRQV WKH
PLVPDWFK EHWZHHQ KXPDQ PDQDJHPHQW SUDFWLFH DQG WKH ELRJHRSK\VLFDO
VFDOH RI WKH QDWXUDO V\VWHP DQG WKH PXOWLSOLFLW\ RI DFWRUV DQG LQWHUDFWLRQV
FDXVLQJ PXOWLSOH DWWLWXGHV WRZDUGV YDULRXV FURVVVFDOH LQWHUDFWLRQ &DVK
HW DO  $ VROXWLRQ WR WKHVH FKDOOHQJHV LV WR LGHQWLI\ FRPPRQ VRFLDO
DQG LQVWLWXWLRQDO UHVSRQVHV VXFK DVPXOWLOHYHO LQVWLWXWLRQDO LQWHUSOD\ FR
PDQDJHPHQW E\ JRYHUQPHQW DQG ORFDO FRPPXQLWLHV DQG HPHUJHQFH RI
ERXQGDU\ RI EULGJLQJ RUJDQLVDWLRQV &DVK HW DO 
7KH PRGHO VLPXODWHV D SHULRG RI  \HDUV ,Q WKLV SHULRG DV KDV EHHQ
GLVFXVVHG WKH QRPDGLF SDVWRUDOLVPSUDFWLFHPD\EHPRUH IOH[LEOH LQ WHUPV
RI GHDOLQJ ZLWK VXUSULVHV ZKLOH WKH UDQFKLQJ SUDFWLFH UHTXLUHV FRQVLGHU
DEOH H[WHUQDO LQSXW WRPDLQWDLQ +RZHYHU FRQVLGHULQJ D ODUJHU WLPH VFDOH
WKH SLFWXUH LV HPEHGGHG ZLWK PRUH LPSOLFDWLRQV 7KH ORQJWHUP JRDO RI
UDQFKLQJ SUDFWLFH LPSOLHV WKDW 7LEHW ZLOO QHHG WR HVWDEOLVK D FRPSHWLWLYH
OLYHVWRFN HFRQRP\ ZKLFK LQ WXUQ QHHGV WKH VXSSRUW RI RWKHU HFRQRPLHV
DQG LQVWLWXWLRQV DQG WKXV FDOOV IRU D GLYHUVLILFDWLRQ RI OLYHOLKRRGV DQG SUR
IHVVLRQV ,Q WKLV SHUVSHFWLYH WKH FXUUHQW WUDQVLWLRQ WKDW LV GRQH DW WKH
DUHDO VFDOH VHHPV WRR KDVW\ LQ WKDW LW GRHV QRW JLYH ORFDO SHRSOH WLPH WR GH
YHORS SURIHVVLRQDO HGXFDWLRQ DQG PDUNHWV WR WUDQVIRUP WKHLU VRFLHW\ LQWR
D FRPPHUFLDO RQH WKDW LV QHHGHG E\ VXFK DQ HFRQRP\ ,Q D JUDGXDO PDQ
QHU WKH PRVW GHYHORSHG DUHDV LQ 7LEHW FDQ WUDQVIRUP WR UDQFKLQJ SUDFWLFH
ILUVW FUHDWLQJ PDUNHW DQG HGXFDWLRQ V\VWHPV WKDW ZLOO IDFLOLWDWH WUDQVIRU
PDWLRQ LQ RWKHU DUHDV %XW WKH ZKROHVDOH VW\OH RI WUDQVIRUPDWLRQ UHTXLUHV
YDVW LQYHVWPHQW LQ LQIUDVWUXFWXUH FRQVWUXFWLRQ DQG WKHUH LV QRW DQ DGH
TXDWH VXSSO\ RI WDOHQWV WR VXSSRUW D KHDOWK\ PRGHUQ OLYHVWRFN HFRQRP\
WKXV LQ WKH ORQJ WHUP LW LV GLIILFXOW IRU WKLV V\VWHP WR EH VXVWDLQDEOH 1R
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PDGLF SDVWRUDOLVP LQ WKH ORQJ WHUP LV DOVR IDFLQJ WKH GLUH FKDOOHQJH RI ORVV
RI VRFLDO PHPRU\ DERXW WKLV XQLTXH SURGXFWLRQ V\VWHP $V WKH \RXQJHU
JHQHUDWLRQ PRYH DZD\ IURP WKH ODQG YHU\ IHZ SHRSOH DUH ZLOOLQJ WR JR
EDFN WR WUDGLWLRQDO SDVWRUDOLVP QRZ WKDW WKH\ KDYH IRXQG EHWWHU ZD\V WR
VXSSRUW WKHPVHOYHV DQG WKHLU IDPLOLHV ,Q PD\EH D IHZ JHQHUDWLRQV QR
PDGLF SDVWRUDOLVP PD\ GLPLQLVK LQ WKLV FDVH ZKLFK DJDLQ FDOOV IRU VRFLDO
VXSSRUW IRU SHRSOH ZKR EHFRPH YXOQHUDEOH LQ WKLV SURFHVV
$QRWKHU RIWHQ PHQWLRQHG TXHVWLRQ LV WKDW ZKHWKHU D V\VWHP¶V VXVWDLQ
DELOLW\ LV FRVWLQJ RU HQKDQFLQJ WKDW RI WKH ODUJHU V\VWHP 7KLV LQYROYHV
PRUH FRPSOH[ LQWHUDFWLRQV DW QDWLRQDO DQG UHJLRQDO VFDOHV $ UDQFKLQJ
V\VWHP ZLOO KDYH PRUH GHSHQGHQF\ RQ ORFDO ZDWHU VRXUFHV ZKLFK PD\ LQ
IOXHQFH ZDWHU DYDLODELOLW\ DQG HFRV\VWHPV GRZQVWUHDP 7KH FRPSHWLWLYH
QHVV RI 7LEHWDQ SDVWRUDOLVP PD\ KDYH LPSDFWV RQ RWKHU SURYLQFHV¶ VLPL
ODU VHFWRUV 7KHVH ODUJHU VFDOH SUREOHPV GR QRW LQIOXHQFH WKH FRQFOXVLRQ
DERXWZKHWKHU WKH V\VWHP LV VXVWDLQDEOH EXWPD\ LQIOXHQFH GHFLVLRQV IURP
OHDGHUV RI KLJKHU OHYHO LQVWLWXWLRQV RQ ZKHWKHU D SROLF\ IRU VXVWDLQDELOLW\
VKRXOG EH LPSOHPHQWHG
 /LPLWDWLRQV E\ ODFN RI GDWD
,Q WKH VWXG\ WKHUH ZDV GLIILFXOW\ LQ REWDLQLQJ JURXQG DQG VRFLDOHFRQRPLF
GDWD ZKLFK EULQJV VRPH OLPLWDWLRQ WR WKH DQDO\VLV LQ WKH VWXG\ 7KH ILUVW
GLIILFXOW\ ZDV EURXJKW E\ WKH ODFN RI D GHWDLOHG PHWHRURORJLFDO UHFRUG DV
WKH DUHD¶V UHFRUG LV QRW RSHQO\ DFFHVVLEOH H[FHSW WKDW IURP /KDVD VWDWLRQ
$V D UHVXOW WKH LPSDFW RI (O 1LxR FDQQRW EH WKRURXJKO\ GLVFXVVHG EHFDXVH
WKH VSDWLDO SDWWHUQ RI LWV LPSDFW FDQQRW EH HVWDEOLVKHG 7KH UHODWLRQVKLS
EHWZHHQ FOLPDWLF FRQGLWLRQV DQG YHJHWDWLRQ UHVSRQVHV ZDV DOVR YDJXH EH
FDXVH RI ODFN RI GDWD 7KHVH SUREOHPVZHUH SDUWLDOO\PLWLJDWHG E\ XVLQJ UH
PRWHO\ VHQVHG */'$6 SUHFLSLWDWLRQ DQG WHPSHUDWXUH GDWD DOWKRXJK WKH
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GDWD LV JHQHUDWHG RQ WKH SUHPLVH RI D VHULHV RI UHPRWHO\ VHQVHG GDWD DQG
ODQG VXUIDFH PRGHOV DQG LV VXEMHFW WR LQDFFXUDFLHV DQG HUURUV
'XH WR FRPSOH[LW\ EURXJKW E\ WKH VLWXDWLRQ LQ 7$5 LQ HDUO\  DQG
WKH UHVHDUFKHU¶V LGHQWLW\ DV DQ LQWHUQDWLRQDO VWXGHQW VWXG\LQJ LQ WKH8QLWHG
.LQJGRP WKH UHVHDUFKHU ZDV GHQLHG ILHOGZRUN DFFHVV WR WKH DUHD E\ WKH
ORFDO DXWKRULW\ 7KLV FUHDWHG D VHULHV RI GDWD DFTXLVLWLRQ SUREOHPV 7KH
UHVHDUFKHU KDG SODQQHG WR JDLQ D TXDOLWDWLYH XQGHUVWDQGLQJ RQ QRPDGLF
SUDFWLFHV DQG UDQFKLQJ LQ 7LEHW DV ZHOO DV WR FROOHFW ODQG FRYHU GDWD WR
YDOLGDWH WKH ODQG FRYHU PDS JHQHUDWHG E\ UHPRWHO\ VHQVHG LPDJHV %HLQJ
GHQLHG VXFK DFFHVV WKH UHVHDUFKHU KDG WR UHVRUW WR KLV SUHYLRXV H[SHUL
HQFH LQ 7LEHW DQG OLPLWHG QHZV UHSRUW DERXW WKH DUHD¶V UHIRUP %HFDXVH
WKH JRYHUQPHQW LQ WKH VWXG\ DUHD KDV DOUHDG\ PDQDJHG WR WUDQVIRUPPRVW
RI WKH KHUGVPHQ LQWR VHGHQWDU\ SDVWRUDOLVWV WKH RUJDQLVDWLRQV RI SURGXF
WLRQ DQG WUDGH PD\ KDYH FKDQJHG DV ZHOO DV WKH OLYHV RI WKH UHPDLQLQJ
QRPDGV /DQG FRYHU GDWD GHULYHG IURP UHPRWH VHQVLQJ LPDJHU\ DUH RI
WHQ WRR JHQHULF LI QRW LQDFFXUDWH LQ UHIOHFWLQJ WKH DFWXDO YHJHWDWLRQ W\SHV
RQ WKH JURXQG 7KH DFWXDO YHJHWDWLRQ GLVWULEXWLRQ LV QRW DV FOHDUO\ GHOLQ
HDWHG DV WKH ODQG FRYHU FODVVLILFDWLRQ VXJJHVWV &KRSSLQJ  7KHUHIRUH
VRPH DVVXPSWLRQV DQG VFHQDULRV EDVHG RQ WKH UHVHDUFKHU¶V XQGHUVWDQGLQJ
JDLQHG D IHZ \HDUV DJR DQG IURP UHPRWH VHQVLQJPD\ QRW UHIOHFW WKH DFWXDO
VLWXDWLRQ LQ WKH DUHD 7KH VRFLDOHFRQRPLF LQVWLWXWLRQV RI WKH DUHD LV DQ
RWKHU LPSRUWDQW VHFWRU WKDW GHVHUYHV D FORVHU VWXG\ DV LW QRZ GLUHFWV KRZ
ORFDO SHRSOH PDQDJH WKHLU OLYHVWRFN DQG KRZ WKH\ REWDLQ HFRQRPLF VXS
SRUW 7KH\ DUH DOVR FUXFLDO LQ XQGHUVWDQGLQJ KRZ SHRSOH LQ WKH DUHD FRSH
ZLWK GLVDVWHUV DQG VXUSULVHV 7KH ODFN RI GDWD IURP WKLV SHUVSHFWLYH IRUFHG
WKH UHVHDUFKHU WR XVH D PRGHO GHDOLQJ VROHO\ ZLWK QDWXUDO SURGXFWLRQ DQG
LQIHU HFRQRPLF SHUIRUPDQFH RI WKH V\VWHP
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 3DVWRUDOLVPWUDQVIRUPDWLRQ LQ WKHDUHD
,Q  WKH 7$5 VWDUWHG D SLORW SURMHFW RI WUDQVIRUPLQJ QRPDGLF SDVWRUDO
LVP LQWR VHGHQWDU\ OLYHVWRFN IDUPLQJ 7KH IXOOVFDOH SURMHFW EHJDQ LQ 
DQG KDV ODUJHO\ WUDQVIRUPHG WKH ZD\ SDVWRUDOLVWV OLYH LQ PRVW DUHDV RI WKH
7$5 DV ZHOO DV DUHDV LQ DGMDFHQW SURYLQFHV 'HVSLWH WKH FULWLFLVP WKDW GR
LQJ VR PD\ KDUP WKH XQLTXH QRPDGLF FXOWXUH LW PXVW EH UHDOLVHG WKDW 7L
EHWDQ SDVWRUDOLVWV KDYH WKH ULJKW WR HQMR\ LPSURYHG LQIUDVWUXFWXUH VXS
SOLHV RI HOHFWULFLW\ DQG UXQQLQJ ZDWHU DQG DFFHVVLEOH PHGLFDO FDUH DQG HG
XFDWLRQ ZKLFK DUH YHU\ GLIILFXOW LI QRW LPSRVVLEOH LQ QRPDGLF FRQGLWLRQV
7KLV LV LQGHHG WKH UDWLRQDOH EHKLQG WKH SROLF\ +RZHYHU LW LV DOVR QHF
HVVDU\ WR DFNQRZOHGJH WKH OLPLWDWLRQ LPSRVHG E\ WKH QDWXUDO FRQGLWLRQV
LQ WKH DUHD LQFOXGLQJ UHODWLYHO\ ORZ SURGXFWLYLW\ IUHTXHQW QDWXUDO GLVDV
WHU DQG OLPLWHG DQG XQHYHQ ZDWHU DYDLODELOLW\ 7KH SUREOHP LV H[DJJHU
DWHG E\ LQFUHDVHG SRSXODWLRQ SUHVVXUH GXH WR WKH LPSURYHG HFRQRP\ DQG
OLYHOLKRRG DQG DQ LQFUHDVHG LPPLJUDWLRQ ,I SRSXODWLRQ SUHVVXUHV DUH QRW
FRQWUROOHG WKH V\VWHP FDQQRW EH VXVWDLQDEOH QR PDWWHU ZKDW SURGXFWLRQ
V\VWHP LW DGRSWV
1RZ WKDW WKH V\VWHP LV WUDQVIRUPHG LQWR D QHZ VWDWH GRPLQDWHG E\
FRQWUROOHG HQYLURQPHQW LW LV QRW SRVVLEOH WR GHOLEHUDWHO\ UHWXUQ WR WKH ROG
VLWXDWLRQ ZKHUH KXPDQ SRSXODWLRQ DQG OLYHVWRFN DUH NHSW LQ FKHFN E\ IUH
TXHQW QDWXUDO GLVWXUEDQFHV ,Q WKH QHZ SDVWRUDOLVP V\VWHP WKH SURYLVLRQ
RI OLYHOLKRRG DQG LQFRPH PXVW EH EDODQFHG ZLWK WKH HFRV\VWHP¶V QHHG WR
FRSH ZLWK GLVDVWHUV DQG UHFRYHU 7KLV UHTXLUHV WKH HQYLURQPHQWPDQDJHUV
WR EH DEOH WR SHUFHLYH SRVVLEOH FULVHV WR WDNH DFWLRQV DFFRUGLQJO\ DQG WR
HYDOXDWH WKH HIIHFWV 1HHGOHVV WR VD\ WKLV LVPXFKPRUH GLIILFXOW WKDQPDQ
DJHPHQW LQ QRPDGLF FXOWXUH LQ ZKLFK WKH FRQWURO LV ODUJHO\ LQ WKH1DWXUH¶V
KDQG 7KH QHZ V\VWHP LV DOVR OHVV UHVLOLHQW LQ WHUPV RI PDLQWDLQLQJ D SDV
WRUDO VRFLDOHFRORJLFDO V\VWHP 1HYHUWKHOHVV WR DGDSW WR FKDQJHG HQYLURQ
PHQW LW LV RIWHQ QHFHVVDU\ WR HPEUDFH DOWHUHG FRUH YDOXHV DV VRFLHWLHV WKDW
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IDLO WR GR VR FDQQRW DGMXVW WKHPVHOYHV SURSHUO\ 7KH QHZ V\VWHP SURYLGHV
SRVVLELOLWLHV WR DGMXVW WKH V\VWHP WR D GULHU FOLPDWH DQG LQFUHDVLQJ SRSXOD
WLRQ ,Q WKLV VHQVH VHGHQWDU\ SDVWRUDOLVP PD\ EH PRUH UHVLOLHQW LQ WHUPV
RI WKH ZKROH VRFLHW\ UDWKHU WKDQ FRQFHUQLQJ D SDUWLFXODU VW\OH RI SURGXF
WLRQ 0RUHRYHU WKH QHZ V\VWHP PD\ LPSO\ D GHYHORSPHQW SDWK WKDW KDV
EHHQ WDNHQ E\ PDQ\ VRFLHWLHV LQ WKH ZRUOG ZKLFK KDV SURYHG ODUJHO\ VXF
FHVVIXO VR IDU \HW LQ D ZRUOG ZLWK IHZHU GLVSRVDEOH QDWXUDO UHVRXUFHV WKLV
SDWK DQG LWV XQGHUO\LQJ YDOXH V\VWHP PD\ DOVR KDYH WR FKDQJH WR DGDSW WR
FKDQJLQJ FRQGLWLRQV %XW WKLV LV D PXFK ODUJHU TXHVWLRQ WKDW FDQQRW EH
GHDOW ZLWK LQ WKLV WKHVLV DORQH

&KDSWHU 
&RQFOXVLRQ
,Q SUHYLRXV FKDSWHUV WKH UHVHDUFKHU VKRZV WKDW WKH DUHD LV IDFLQJ D VH
ULHV RI FKDOOHQJHV WKDW QHHG WR EH DGGUHVVHG LQ RUGHU WR DFKLHYH HFRV\VWHP
FRQVHUYDWLRQ DQG VXVWDLQDEOH GHYHORSPHQW 'LIIHUHQW IURP SUHYLRXV DS
SURDFKHV ZKLFK PHDVXUH LQGLFDWRUV RI WKH DWWULEXWHV RI WKH V\VWHP DIWHU
GLVWXUEDQFHV WKLV VWXG\ IRFXVHG RQ WKH WUHQG SDWWHUQ RI WKH GLVWXUEDQFH
LWVHOI DQG ZKHWKHU WKH V\VWHP LV IOH[LEOH DQG UHVRXUFHIXO WR UHVSRQG +RZ
QRPDGLF DQG UDQFKLQJ V\VWHPPHHW WKHVH FKDOOHQJHV LV VXPPDULVHG 7KXV
WKHLU LPSOLFDWLRQV RQ WKH V\VWHP¶V UHVLOLHQFH FDQ EH H[DPLQHG WR VKRZ WKDW
SUHVHUYLQJ ORFDO SDVWRUDOLVP DQG GHYHORSLQJ WKH DUHD DUH WZR REMHFWLYHV
WKDW KDYH FRQIOLFWV ,Q WKLV FKDSWHU WKH UHVHDUFKHU DOVR H[DPLQHV VRPH LV
VXHV WKDW UHTXLUH PRUH FRQVLGHUDWLRQ LQ WKH UHIRUP SURFHVV LQ WKH 7$5
7KH VWXG\ DWWHPSWHG WR DSSURDFK WKH TXHVWLRQ RI UHVLOLHQFH RQ WKH 7L
EHWDQ 3ODWHDX IURP WKH SHUVSHFWLYH RI YHJHWDWLRQ VWDWH GLVWXUEDQFHV DQG
UHVSRQVH DV UHIOHFWHG LQ WKH DLPV RI WKH VWXG\ 7KH VLJQLILFDQW LQIOXHQFH
RI FKDQJLQJ VRFLDO DQG KLVWRULFDO FRQWH[W ZDV DOVR DGGUHVVHG
7KH UHVXOW RI 'HWUHQGHG )OXFWXDWLRQ $QDO\VLV XVLQJ UHPRWHO\VHQVHG
LPDJHV LQ WKH SHULRG RI  WR  VXJJHVWV WKDW WKH DUHD LV OLNHO\ WR XQ
GHUJR GLVWXUEDQFH HYHQWV ZLWK LQFUHDVHG LQWHQVLW\ LQ WKH IXWXUH )UHTXHQW
(O 1LxR6RXWKHUQ 2VFLOODWLRQ HYHQWV PD\ DOVR KDYH D QHJDWLYH LPSDFW RQ
WKH DUHD¶V YHJHWDWLRQ YLDELOLW\ 7KH KLJK WHPSHUDWXUH HYHQW LQ QRUWKHUQ 7L
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EHW LQ ODWH V KDG D VLJQLILFDQW LPSDFW LQ WKH WUHQG RI 1'9, DQRPDOLHV
ZKLOH VLPLODU HYHQWV PD\ UHWXUQ MXGJLQJ IURP WKH FXUUHQW FOLPDWH WUHQG
RI ZDUPHU FOLPDWH LQ 7LEHW $OUHDG\ EHLQJ DQ DULG DUHD WKHVH WUHQGV DORQJ
ZLWK KLJK SUREDELOLW\ RI GURXJKWPDNH LW GLIILFXOW WR VXVWDLQ D VWDEOH IRUDJH
RXWSXW 7KH JOREDO WUHQG RI FOLPDWH FKDQJHPD\ HQKDQFH WKHVH HYHQWV DQG
FRQVWLWXWHV DQ HYHQ JUHDWHU FKDOOHQJH WR WKH JUDVVODQG HFRV\VWHP¶V IXQF
WLRQV 2Q WKH RWKHU KDQG WKH HYHULQFUHDVLQJ SRSXODWLRQ GHSHQGLQJ RQ
SDVWRUDOLVP DV WKHLU OLYHOLKRRG UHTXLUHV PRUH JUHDWHU KHUGV ZKLFK EULQJV
LQFUHDVLQJ SUHVVXUH WR WKH QDWXUDO SURGXFWLRQ V\VWHP
$W WKH VDPH WLPH WKH VWDWHZLGH PRYHPHQW LQ &KLQD WR HPEUDFH WKH
PDUNHW HFRQRP\ LPSURYH LQGXVWU\ VWUXFWXUH DQG VWLPXODWH GHYHORSPHQW
LQ WKH ZHVWHUQ SDUW RI WKH FRXQWU\ FDOOV IRU D FKDQJH LQ WKH 7$5¶V HFRQ
RP\ LI LWV HFRQRPLF JDS IURP LQQHU &KLQD SURYLQFHV LV QRW WR EH LUUH
YHUVLEO\ZLGHQHG 7KLV DJDLQ SRVHVPXOWLSOH FKDOOHQJHV WR 7LEHW¶V SDVWRUDO
LVP 3DVWRUDOLVP LV UHJDUGHG DV WKH PRVW IHDVLEOH PHDQV RI HVWDEOLVKLQJ D
YLDEOH HFRQRP\ LQ WKLV DUHD EXW WR XSVFDOH LW IURP D OLYHOLKRRG VXSSRUW
WR D VRXUFH RI GLVSRVDEOH LQFRPH LPSOLHV LQFUHDVH LQ TXDQWLW\ DQG TXDOLW\
ZKLFK GHPDQGV D PXFK ODUJHU LQSXW RI HQHUJ\ DQG JRRGV LQWR WKH DUHD
DQG ODUJHU RXWSXW IURP WKH JUDVVODQG V\VWHP $OUHDG\ IDOOLQJ EHKLQG WKH
SDVWRUDO HFRQRP\ LQ 7LEHW DOVR IDFHV VWURQJ FRPSHWLWLRQ IURP RWKHUPDMRU
SDVWRUDO DUHDV LQ &KLQD ZKRVH HFRQRP\ LV VWURQJHU DQGPRUH EDODQFHG ,W
LV DOVR DQ REMHFWLYH IRU ORFDO SHRSOH WR HQMR\ WKH EHQHILW RI LPSURYHG HGX
FDWLRQ PHGLFDO FDUH DQG FLYLO HQJLQHHULQJ ZKLFK FDQQRW EH D VXVWDLQDEOH
JRDO LI LW GHSHQGV VR ODUJHO\ RQ DLG IURP RWKHU DUHDV RI &KLQD
,Q UHFHQW \HDUV WKH \RXQJHU JHQHUDWLRQ RI 7LEHWDQ SDVWRUDOLVWV LQ WKH
DUHD DUH DEDQGRQLQJ OLYHVWRFN UDLVLQJ DV D ZD\ RI OLIH ,QVWHDG WKH\ WU\ WR
ILQG MRE RSSRUWXQLWLHV LQ FRQVWUXFWLRQ RU WUDQVSRUWDWLRQ VHFWRUV LQ FLWLHV
6LPLODU SKHQRPHQD ZHUH VHHQ LQ LQQHU &KLQD ZKHQ WKH 2SHQ DQG 5HIRUP
SROLF\ ZDV LPSOHPHQWHG LQ ODWH V 7KLV LQ WKH 7$5 FDXVHV D ORVV RI
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ODERXU LQ SDVWRUDOLVP DQG PRUH LPSRUWDQWO\ ORVV RI VRFLDO PHPRU\ DV WKH
ROGHU JHQHUDWLRQ FDQQRW SHUVXDGH WKH \RXQJHU JHQHUDWLRQ WR VWD\ RQ WKH
SDVWXUHV DQG SDVV RQ WKH NQRZOHGJH DERXW QRPDG SDVWRUDOLVP
1RPDGLF SDVWRUDOLVPGHDOVZLWK QDWXUDO IOXFWXDWLRQV LQZHDWKHU FRQGL
WLRQV DQG QDWXUDO SURGXFWLYLW\ E\ NHHSLQJPRELOLW\ DQG UDLVLQJ ODUJH KHUGV
DV D PHDQV RI LQVXUDQFH 7KLV LQ SUDFWLFH LQYROYHV VHWWLQJ XS D URWDWLRQ
V\VWHP ZLWKLQ D JURXS RI IDPLOLHV IRU DOORFDWLQJ ZLQWHU DQG VXPPHU SDV
WXUHV DQGPRYLQJ WR DQRWKHU ORFDWLRQ LI WKH SDVWXUHV DUH GHHPHG QRW VXLW
DEOH IRU VXSSRUWLQJ WKHLU KHUGV 7KLV V\VWHP LV QRW VWDEOH LQ WKH ZRUG¶V
FRQYHQWLRQDO PHDQLQJV DV QDWXUDO GLVDVWHUV FDQ GHDO D KHDY\ EORZ WR WKH
KHUGV DQG UHGXFH WKHLU QXPEHU VLJQLILFDQWO\ +RZHYHU LW FDQ EH UHJDUGHG
DV YHU\ UHVLOLHQW DV HDFK GLVDVWHUUHFRYHU\ SURFHVV FRQVWLWXWHV DQ DGDSWLYH
F\FOH ZLWK WKH NH\ FKDUDFWHULVWLFV DQG IXQFWLRQV RI WKH V\VWHP UHVWRUHG LQ
HDFK LWHUDWLRQ 7KH SDVWRUDOLVWV FRQVFLRXVO\ EXLOG XS WKH KHUG LQ WKH U DQG
. SKDVH RI WKH DGDSWLYH F\FOH WR PDNH VXUH WKH KHUG LV VWLOO YLDEOH DIWHU
WKH GLVWXUEDQFH LQ WKH Ω SKDVH DQG WKH UHVLOLHQFH DQG RSWLRQV RI DGDS
WDWLRQ DUH UHVWRUHG LQ WKH α SKDVH +RZHYHU ORRNLQJ DW WKH V\VWHP DW D
FRDUVHU WHPSRUDO DQG VSDWLDO VFDOH LW LV UHDVRQDEOH WR VD\ WKDW WKH V\VWHP
LQ D ODUJHU DGDSWLYH F\FOH LV LQ WKH . SKDVH RU HYHQ LQ DQ HDUO\ Ω SKDVH
7KH LQVXUDQFH PHDVXUH PD\ QRW EH IHDVLEOH LQ WKH IDFH RI PRUH IUHTXHQW
DQG LQWHQVH GLVWXUEDQFHV DQG SDVWXUHV DUH QRW VXIILFLHQWO\ QXPHURXV RU
H[WHQVLYH WR VXSSRUW DQ HYHU LQFUHDVLQJ SRSXODWLRQ DQG WKHLU QHHG IRU OLYH
VWRFN SURGXFWV ,Q RWKHU ZRUGV WKH DELOLW\ WR DGDSW LV VHYHUHO\ OLPLWHG LQ
WKH DUHD DW SUHVHQW KHQFH WKH UHVLOLHQFH RI WKH V\VWHP LV DOVR GLPLQLVKLQJ
7KH ORVV RI PHPRU\ DQG ORFDO NQRZOHGJH DOVR PDNH LW GLIILFXOW WR LGHQWLI\
DGDSWLYH RSWLRQV LQ WKH IDFH RI GLVWXUEDQFHV IXUWKHU GHFUHDVLQJ UHVLOLHQFH
7KH UDQFKLQJ V\VWHP KDV EHHQ FULWLFLVHG DV FDXVLQJ RYHUJUD]LQJ DQG
UHGXFLQJ PRELOLW\ RI SDVWRUDO FRPPXQLWLHV OHDGLQJ WR YHJHWDWLRQ GHJUD
GDWLRQ DQG HFRQRPLF IDLOXUHV 5LFKDUG E 7KH SURSRQHQWV RI UDQFK
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LQJSUDFWLFH DUJXH WKDW UDQFKLQJ V\VWHPVPDNH LW SRVVLEOH WR HVWDEOLVKPRG
HUQLVHG LQIUDVWUXFWXUHV VXFK DV D URDG QHWZRUN DQG DQ HOHFWULF JULG $O
WKRXJK WKLV LV DQ LPSRUWDQW HIIHFW RI UDQFKLQJ UHIRUP WKH UHDO LPSOLFDWLRQ
RI WKH WUDQVIRUPDWLRQ LV WKDW LQ DQ LGHDO VFHQDULR LW DOORZV WKH HVWDEOLVK
PHQW RI D VPDOOHU DQG LQGXVWULDOLVHG SDVWRUDO SRSXODWLRQ ZKLOH SURYLGLQJ
QHFHVVDU\ HGXFDWLRQ DQG FDUHHU RSSRUWXQLWLHV WR WKH UHVW RI WKH SHRSOH LQ
WKLV DUHD 7KH HVWDEOLVKPHQW RI YDULRXV LQGXVWU\ VHFWRUV ZLOO EH SRVVLEOH
ZLWK WKH UDQFKLQJ V\VWHP ZKLOH ORFDO OLYHVWRFN SURGXFWV ZLOO EH DEOH WR
FRPSHWH ZLWK WKRVH IURP HDUOLHU DGRSWHUV RI WKH V\VWHP LQ RWKHU SURYLQFHV
LQ &KLQD 7KH SLFWXUH LV DSSHDOLQJ WR H[WHUQDO GHYHORSHUV \HW WKH OLPLWD
WLRQ RI WKH ODQG PXVW EH UHDOLVHG 3ULPDU\ SURGXFWLYLW\ PD\ EH WKH PRVW
GLVWLQFWLYH OLPLWDWLRQ HVSHFLDOO\ LQ WKH 1RUWKHUQ 7LEHWDQ SODWHDX 7KH
DYDLODELOLW\ RI ZDWHU VRXUFHV DOVR OLPLWV WKH QXPEHU RI SDVWXUHV DQG WKH
RXWSXW RI OLYHVWRFN
:KHQGHDOLQJZLWK GLVWXUEDQFHV WKH UDQFKLQJ V\VWHPPD\KDYH DKLJKHU
OHYHO RI UHVLVWDQFH \HW WKH RSWLRQV RI DGDSWDWLRQ DUH VLJQLILFDQWO\ UHGXFHG
DVPRELOLW\ LV ODUJHO\ ORVW ,Q WKLV VHQVH WKH UHVLOLHQFH RI WKH V\VWHP LV ORZHU
LQ WKH UDQFKLQJ V\VWHP WKDQ LQ WKH QRPDGLF V\VWHP +RZHYHU ORRNLQJ DW
WKH SUREOHP DW D KLJKHU SHUVSHFWLYH RQH FDQ VD\ WKDW FRQYHUWLQJ WR WKH
UDQFKLQJ V\VWHP LQ WKH FRQWH[W RI FKDQJLQJ FOLPDWH DQG LQFUHDVLQJ SRS
XODWLRQ SUHVVXUH FUHDWHV DGDSWLYH RSWLRQV WKDW ZHUH QRW DYDLODEOH LQ WKH
RULJLQDO V\VWHP 7KH UHVLOLHQFH IRU WKH SDVWRUDO V\VWHP LV UHGXFHG EXW DW
WKH VDPH WLPH FRPSHQVDWHG E\ PRUH SRVVLEOH PHDQV WR GHYHORS LQ FDVH
SDVWRUDOLVP IDLOV $W WKH VDPH WLPH WKH V\VWHP¶V IXQFWLRQ WR VXSSRUW ELR
GLYHUVLW\ DQG KXPDQ SRSXODWLRQ FDQ EH SUHVHUYHG $OWKRXJK WKHUHPD\ EH
FULWLFLVP DERXW ORVV RI WUDGLWLRQDO SDVWRUDOLVP LW PXVW EH UHFRJQLVHG WKDW
WKH ORVV RI VRFLDO PHPRU\ ZLOO OLNHO\ FDXVH VXFK ORVV ZKHWKHU WUDQVIRUPD
WLRQ WR UDQFKLQJ WDNHV SODFH RU QRW 1RPDGLF SDVWRUDOLVP KDV ORQJ EHHQ
WKH FRUH YDOXH RI 7LEHWDQ VRFLHW\ \HW LQ WKH IDFH RI FRPSOH[ FKDOOHQJHV
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VRPHWLPHV LW LV QHFHVVDU\ WR DEDQGRQ WKH FRUH YDOXH LQ RUGHU WR DGDSW WR
FKDQJHG H[WHUQDO ZRUOG
$OWKRXJK WKH WUDQVIRUPDWLRQ WR UDQFKLQJ V\VWHP PD\ EH QHFHVVDU\
FXUUHQW SROLF\ LPSOHPHQWDWLRQ PD\ KDYH VRPH OLPLWDWLRQV $ VXGGHQ DQG
XQLIRUP WUDQVIRUPDWLRQ PD\ FDXVH D KHDY\ EXUGHQ RQ ORFDO HFRQRP\ DQG
DLG 7KH FHQWUDO SODQQLQJVW\OH PDQDJHPHQW PD\ QRW EH DEOH WR DGGUHVV
GLIIHUHQFHV LQ FRQGLWLRQV DQG SHRSOH¶V QHHGV LQ WKH DUHD 0RVW LPSRU
WDQWO\ SHRSOH DFFXVWRPHG WR QRPDGLF SDVWRUDOLVP VWLOO ODFN NQRZOHGJH
DQG VNLOO SUHSDUDWLRQ IRU D IXOO\ FRQYHUWHG V\VWHP DQG FDQQRW ILQG HQRXJK
MRE RSSRUWXQLWLHV LI WKH\ FKRRVH WR OHDYH WKH JUDVVODQG 2QO\ ZKHQ LPSOH
PHQWHG SURSHUO\ FDQ UDQFKLQJ V\VWHP HQKDQFH WKH DGDSWDELOLW\ DQG UHVLO
LHQFH RI WKH V\VWHP

$SSHQGL[ $
0RGHO VFULSW DQG LQSXW ILOH
IRUPDW
7KH PRGHO ZDV FRQVWUXFWHG XVLQJ IXQFWLRQV LPSOHPHQWHG LQ WKUHH ILOHV
2QH RI WKHP GLVWXUEDQFH5 JHQHUDWHV UDQGRP GLVWXUEDQFHV 7KH VHF
RQG ILOH UHDGGDWD5 UHDG LQ GDWD IURP LQSXW ILOH 7KH WKLUG ILOH PRGHO5
FDOFXODWHV WKH DEXQGDQFH RI JUDVV DQG VKUXE LQ WLPH VWHSV $OO ILOHV ZHUH
WHVWHG LQ 5  7KH FRQWHQW RI WKH WKUHH ILOHV DUH OLVWHG EHORZ
GLVWXUEDQFH5
OLEUDU\  HYG 
G L V W − IXQFWLRQ  LG L V WXUEDQFH GLVWXUEDQFH 
O L G L V WX UEDQFH O L YHV WRFNG L V WXUEDQFH 
U H F UD W H UHFRYHU\UDWH 
O U H F U D W H O L Y H V W R FN UH FRYH U\ UD W H 
OHQJWK OHQJWK 
S UREDE L O L W \   
G L V WXUE GLVWXUE 
O G L V W X UE OG L V W X UE 
^
G L V WXUE − GLV WXUE  H[S U H F UD W H  − OHQJWK 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
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L I  S UREDE L O L W \ ! UJHY    O RF    VFDOH   VKDSH    
 GLVWXUEDQFH WDNHV SODFH
^
L I  G L V WXUE ! H− ^  GLVWXUEDQFH VHOGRP  
U H F UD W H − U H F UD W H  H[S− OHQJWK 
OHQJWK − OHQJWK  
`
HOVH ^
U H F UD W H − UHFRYHU\UD WH
OHQJWK − 
`
G L V WXUE − GLV WXUE  LG L V WXUEDQFH
 UHFRYHU\UDWH − UHFUDWH
 DOORZ IRU H[ L V W L QJ GLVWXUEDQFH WR HQKDQFH HDFK RWKHU
 DQG VORZ GRZQ UHFRYHU\
`
O G L V W  − O G L V W  LG L V WXUEDQFH LG LV WXUEDQFH 
O L G L V WX UEDQFH O LG L V WX UEDQFH 
O U H F U D W H O U H F U D W H 
O G L V W X UE OG L V WXUE 
G L V WXUE GLVWXUE 
OHQJWK OHQJWK 
O G L V W X UE − O G L V W  O G L V W X UE
O U H F U D W H − O G L V W  O U H FRYH U \ U D W H
L I  G L V WXUE  H− ^ G L V WXUE − `
L I  O G L V W X UE  H− ^ O G L V W X UE − `
O L V W  G L V WXUE GLVWXUE 
O G L V W X UE OG L V WXUE 
UHFRYHU\UD WH UHFUD WH 
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O U H FRYH U \ U D W H O U H F U D W H 
OHQJWK OHQJWK 
`
O G L V W − IXQFWLRQ  LG L V WXUEDQFH 
O L G L V WX UEDQFH  O U H F U D W H 
OG L V WX UE  GLVWXUE  OHQJWK 
 UDW LR L V WKH YDOXH RI O L YHG L V WXUEDQFH  GLVWXUEDQFH  XVHG WR SUHVHQW
 KRZ VHYHUH WKH LPSDFW RQ O L Y H V W R F N LV  JLYHQ D GLVWXUEDQFH RQ
 YHJHWDW LRQ  0XVW EH FD OFX OD WHG EHIRUH FD O O L QJ WKH IXQFW LRQ
^
U D W L R  O L G L V W X UEDQFH  LG L V WXUEDQFH
L I  G L V WXUE ! H− ^ O G L V W X UE − GLV WXUE  U D W L R `
HOVH ^
O G L V W X UE − O G L V W X UE  H[S O U H F U D W H  − OHQJWK  
`
O L V W  O G L V W X UE OG L V WXUE  O U H FRYH U \ U D W H O U H F U D W H 
`
 LGLV WXUEDQFH L V VRPHZKDW UH OD WHG WR WKDW \HDU ¶ V G L V WGLV WXUE
 UHFRYHU\ UDWH FDQ EH FRQVLGHUHG D FRQVWDQW
UHDGGDWD5
 ,QSXW GDWD IURP JLYHQ GDWD I L O H SDUDPHWHUV  W [ W
SDUDPHWHU−UHDG  WDEOH  I L O H ´ SDUDPHWHUV  W [ W ´  VHS ´ ?ɘ ´ 
FRO QDPHV F  ´ D W W U L EX W H ´  ´ YDOXH ´  
JUDVVTXDQW L W \ − SDUDPHWHUYDOXH >  @
VKUXETXDQWL W\ − SDUDPHWHUYDOXH >@
JURZWKUDWHJUDVV − SDUDPHWHUYDOXH >@
JURZWKUDWHVKUXE − SDUDPHWHUYDOXH >@
J U D ] L QJ LQ W HQ V L W \ − SDUDPHWHUYDOXH > @
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FRPSHWL W LRQVKUXEJUDVV − SDUDPHWHUYDOXH >@
FRPSHWL W LRQJUDVVVKUXE − SDUDPHWHUYDOXH > @
FRPSHW L W LRQJUDVVJUDVV − SDUDPHWHUYDOXH >@
FRPSHWLWLRQVKUXEVKUXE − SDUDPHWHUYDOXH >@
GLV WXUEDQFH − SDUDPHWHUYDOXH >@
O L Y H V WR FNG L V WX UEDQFH − SDUDPHWHUYDOXH >   @
UHFRYHU\UD WH − SDUDPHWHUYDOXH >  @
O L Y H V W R FN U H FRY H U \ U D W H − SDUDPHWHUYDOXH >  @
I L U H U L V N − SDUDPHWHUYDOXH >  @
\HDUV − SDUDPHWHUYDOXH >  @
GLVWSUREDE − SDUDPHWHUYDOXH >  @
PRGHO5
VRXUFH  ´ UHDGGDWD 5´ 
VRXUFH  ´ GLV WXUEDQFH 5´ 
U H F UD W H − UHFRYHU\UD WH
UHFUDWH − F  DUUD\    GLP − F       
DUUD\   GLP − F        
O U H F U D W H − O L Y H V W R FN U H FRY H U \ U D W H
O U H F UD W H − F  DUUD\      GLP − F       
DUUD\    GLP − F        
GLVWSUREDE − F  DUUD\    GLP − F       
DUUD\    GLP − F        
G L V WXUE − 
OG L V W X UE − 
J − JUDVVTXDQW L W \
Z − VKUXETXDQWL W\
OHQJWK − 
 +RZ PDQ\ FRQVHFXW LYH \HDU KDV WKH GLVWXUEDQFH H[ L V W HG
JUDVV − DUUD\  GLP − \HDUV 

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 VWRUDJH RI U H VX O W V
VKUXE − DUUD\  GLP − \HDUV 
GJ − DUUD\  GLP − \HDUV 
GZ − DUUD\  GLP − \HDUV 
DUUD\G − DUUD\  GLP − \HDUV 
 ´ DUUD\ RI GLVWXUEDQFH ´
D U U D\ O − DUUD\  GLP − \HDUV 
 ´ DUUD\ RI O L Y H V W R F N GLVWXUEDQFH ´
GJGW − IXQFWLRQ  J JUDVVTXDQW L W\ 
Z VKUXETXDQWLW\ 
G L V W 
O G L V W 
UJ JURZWKUDWHJUDVV 
V JUD] LQJ LQ W HQV L W \ 
FJJ FRPSHW L W LRQJUDVVJUDVV 
FZJ FRPSHWLW LRQVKUXEJUDVV 
F I I L U H U L V N 
^
GJGW − UJ  J
   − V  J   JZ    − O G L V W 
− FJJ  J − FZJ  Z − G L V W  − F I  J  J
`
GZGW − IXQFWLRQ  J JUDVVTXDQW L W\ 
Z VKUXETXDQWLW\ 
UZ JURZWKUDWHVKUXE 
FJZ FRPSHWLW LRQJUDVVVKUXE 
FZZ FRPSHWLWLRQVKUXEVKUXE 
UJ JURZWKUDWHJUDVV 

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V JUD] LQJ LQ W HQV L W \ 
G L V W 
O G L V W 
F I I L U H U L V N 
^
GZGW − UZ  Z
   − FJZ  J − FZZ  Z − V  Z   JZ
   − O G L V W  −   G L V W  − J  F I  Z
`
IRU  L LQ VHT    \HDUV   ^
WHPS − G L V W  LG L V WXUEDQFH GLVWXUEDQFH 
O L G L V WX UEDQFH O L YHV WRFNG L V WXUEDQFH 
U H F UD W H UHFUD WH 
O U H F U D W H O U H F U D W H 
OHQJWK OHQJWK 
S UREDE L O L W \ GLVWSUREDE 
G L V WXUE GLVWXUE 
O G L V W X UE OG L V W X UE 
 WHPS − G L V W  LG LV WXUEDQFH GLVWXUEDQFH 
O L G L V WX UEDQFH O L YHV WRFNG L V WXUEDQFH 
U H F UD W H UHF UD W H > L @ 
O U H F U D W H O U H F U D W H > L @ 
OHQJWK OHQJWK 
S UREDE L O L W \ GLVWSUREDE > L @ 
G L V WXUE GLVWXUE 
O G L V W X UE OG L V W X UE 
G L V WXUE − WHPSGLV WXUE
UHFRYHU\UD WH − WHPSUHFRYHU\UD WH

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OG L V W X UE − WHPS O G L V W X UE
O L Y H V W R FN U H FRY H U \ U D W H − WHPS O U H FRYH U \ U D W H
OHQJWK WHPS OHQJWK
SULQW F  WHPSUHFRYHU\UDWH 
WHPSGLVWXUE  WHPS O U H FRYHU\ UD WH  WHPS O G L V W X UE  
DUUD\G > L @ − GLV WXUE
D U U D\ O > L @ − O G L V W X UE
GJ > L @ − GJGW  J J Z Z G L V W GLVWXUE 
O G L V W  OG L V WXUE  UJ JURZWKUDWHJUDVV 
V JUD] LQJ LQ W HQV L W \  FJJ FRPSHW L W LRQJUDVVJUDVV 
FZJ FRPSHWL W LRQVKUXEJUDVV 
J − GJ > L @  J
JUDVV > L @ − J
GZ> L @ − GZGW  J J Z Z UZ JURZWKUDWHVKUXE 
FJZ FRPSHWLW LRQJUDVVVKUXE 
FZZ FRPSHWLWLRQVKUXEVKUXE  UJ JURZWKUDWHJUDVV 
V JUD] LQJ LQ W HQV L W \  G L V W GLVWXUE 
O G L V W  OG L V WXUE  F I I L U H U L V N 
Z − GZ> L @  Z
VKUXE > L @ − Z
`
SRVWVFULSW  I L O H ´ S OR W  HSV ´  RQH I L O H )$/6( 
W L W O H ´ 6LPXODWLRQɘ U H V X O W ´  ZLGWK  
KHLJKW    KRU L ]RQ WD O 758( SDSHU ´ VSH F L D O ´ 
FRORUPRGHO ´ JUD\ ´ 
SORW  VKUXE  JUDVV  W\SH ´E´  [ ODE ´6KUXE ´  \ ODE ´*UDVV ´ 
GHY  RII  
6SDWLDOLVHG PRGHO5
OLEUDU\  VSJUDVV 

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FHOOQXPEHU − 
O L Y H V WR FNG L V WX UEDQFH − 
SHULRG − 
OHQJWK − 
 FUHDWH GLVWXUEDQFH EDVH PDWUL[
GLV WPDWU L[ − DUUD\  GLP − F  FHOOQXPEHU  
 )XQFWLRQV DERXW GLVWXUEDQFHV
VRXUFH  ´ GLV WXUEDQFH 5´ 
 EULQJ LQ G L V W   DQG O G L V W  
GJGW − IXQFWLRQ  J JUDVVTXDQW L W\ 
Z VKUXETXDQWLW\ 
G L V W 
O G L V W 
UJ JURZWKUDWHJUDVV 
V JUD] LQJ LQ W HQV L W \ 
FJJ FRPSHW L W LRQJUDVVJUDVV 
FZJ FRPSHWLW LRQVKUXEJUDVV 
F I I L U H U L V N 
^
GJGW − UJ  J
   − V    − O G L V W 
− FJJ  J − FZJ  Z − G L V W  − F I  J  J
`
GZGW − IXQFWLRQ  J JUDVVTXDQW L W\ 
Z VKUXETXDQWLW\ 
UZ JURZWKUDWHVKUXE 
FJZ FRPSHWLW LRQJUDVVVKUXE 
FZZ FRPSHWLWLRQVKUXEVKUXE 
UJ JURZWKUDWHJUDVV 

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V JUD] LQJ LQ W HQV L W \ 
G L V W 
O G L V W 
F I I L U H U L V N 
^
GZGW − UZ  Z
   − FJZ  J − FZZ  Z −   G L V W 
− J  F I  Z
`
GLVWXUEDQFH − DUUD\  GLP − FHOOQXPEHU 
GLV WXUESDUD − DUUD\  GLP − F  FHOOQXPEHU    
UHFRYHU\UD WH − DUUD\  GLP − FHOOQXPEHU 
O L Y H V W R FN U H FRY H U \ U D W H − DUUD\  GLP − FHOOQXPEHU 
GLV WXUESDUD >   @ − GDWD  IUDPH
UHDG5$67 ´ GLV WXUEIUHTXHQF\ ´   >   @
G LV WXUESDUD >   @ − GDWD  IUDPH
UHDG5$67 ´ G L V W X UE L Q W HQ V L W \ ´   >   @
UHFRYHU\UD WH − GDWD  IUDPH
UHDG5$67 ´ YHJUHFRYHU\ ´   >   @
O L Y H V W R FN U H FRY H U \ U D W H − GDWD  IUDPH
UHDG5$67 ´ O L Y U H FRY H U \ ´   >   @
 GDWD QHHGHG E\ GJ DQG GZ
J − GDWD  IUDPH UHDG5$67 ´ JUDVVDEXQGDQFH ´   >   @
Z − GDWD  IUDPH UHDG5$67 ´ VKUXEDEXQGDQFH ´   >   @
FZJ − GDWD  IUDPH UHDG5$67 ´FZJ´   >   @
FJJ − GDWD  IUDPH UHDG5$67 ´ FJJ ´   >   @
FJZ − GDWD  IUDPH UHDG5$67 ´FJZ´   >   @
FZZ − GDWD  IUDPH UHDG5$67 ´FZZ´   >   @

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JUD] LQJ LQWHQV L W\ − GDWD  IUDPH 
UHDG5$67 ´ J U D ] L QJ LQ W HQ V L W \ ´   >   @
 GDWD  IUDPH UHDG5$67 ´ VHWWOHPHQWQRPDG ´   >   @
 JUD]LQJ LQ W HQ V L W \ FRQVLGHULQJ QRPDGLF V H W W L QJ
J U D ] L QJ LQ W HQ V L W \ − GDWD  IUDPH
UHDG5$67 ´ J U D ] L QJ LQ W HQ V L W \ ´   >   @
 GDWD  IUDPH UHDG5$67 ´ VHWW OHPHQWXUEDQ ´   >   @
 JUD]LQJ LQ W HQ V L W \ FRQVLGHULQJ UDQFK VH W W L QJ
I L U H U L V N − 
JURZWKUDWHJUDVV − GDWD  IUDPH
UHDG5$67 ´ JUD WHJUDV V ´   >   @
 UQRUP FHOOQXPEHU  PHDQ VG 
JURZWKUDWHVKUXE − GDWD  IUDPH
UHDG5$67 ´ JUDWHVKUXE ´   >   @
 UQRUP FHOOQXPEHU  PHDQ VG 
GZ − DUUD\  GLP − FHOOQXPEHU 
GJ − DUUD\  GLP − FHOOQXPEHU 
IRU  \HDUV LQ VHT    SHULRG   ^
 FKDQJHG WKH QXPEHU VR , FDQ V WDU W IURP WKHUH
IRU  S L [ H O V LQ VHT    FHOOQXPEHU   ^
WHPS − G L V W 
LG L V WXUEDQFH GLV WXUESDUD > S L[H O V   @ 
O L G L V WX UEDQFH O L YHV WRFNG L V WXUEDQFH 
U H F UD W H UHFRYHU\UD WH > S L [ H O V @ 
O U H F U D W H O L Y H V W R FN U H FRY H U \ U D W H > S L [ H O V @ 
OHQJWK OHQJWK 
S UREDE L O L W \ GLV WXUESDUD > S L[H O V   @ 
G L V WXUE GLVWXUEDQFH > S L [ H O V @ 
O G L V W X UE O L Y H V WR FNG L V WX UEDQFH 

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GLVWXUEDQFH > S L [ H O V @ − WHPSGLV WXUE
UHFRYHU\UD WH > S L [ H O V @ − WHPSUHFRYHU\UD WH
O L Y H V WR FNG L V WX UEDQFH − WHPS O G L V W X UE
O L Y H V W R FN U H FRYH U \ U D W H > S L [ H O V @ − WHPS O U H FRYH U \ U D W H
OHQJWK − WHPS OHQJWK
GJ > S L [ H O V @ − GJGW 
J J Z Z G L V W GLVWXUEDQFH > S L [ H O V @ 
O G L V W  O L YHV WRFNG L V WXUEDQFH  UJ JURZWKUDWHJUDVV 
V J U D ] LQJ LQ W HQ V L W \ > S L [ H O V @  FJJ FJJ  FZJ FZJ
GZ> S L [ H O V @ − GZGW 
J J Z Z UZ JURZWKUDWHVKUXE 
FJZ FJZ FZZ FZZ UJ JURZWKUDWHJUDVV 
V J U D ] LQJ LQ W HQ V L W \ > S L [ H O V @  G L V W GLVWXUEDQFH > S L [ H O V @ 
O G L V W  O L YHV WRFNG L V WXUEDQFH  F I I L U H U L V N 
J > S L [ H O V @ − GJ > S L [ H O V @  J > S L [ H O V @
Z> S L [ H O V @ − GZ> S L [ H O V @  Z> S L [ H O V @
`
PDS − UHDG5$67 ´ QGYL]VFRUH ´ 12'$7$ 
PDS> > ´ QGYL]VFRUH ´ @ @ − J
PHVVDJH
SDVWH  ´ *HQHUDWLQJɘ JUDVV ɘPDS´  \HDUV  ´    ´  VHS ´ɘ ´  
ZULWH5$67 
[ PDS YQDPH SDVWH  ´86,08/$7,21JUDVV´  \HDUV  VHS ´ ´  
] FR O   12'$7$ −
 RXWSXW RI VLPXODWHG PDS
PHVVDJH ´    ɘGRQH  ´ 
PDS> > ´ QGYL]VFRUH ´ @ @ − Z
PHVVDJH
SDVWH  ´ *HQHUDWLQJɘVKUXEɘPDS´  \HDUV  ´    ´  VHS ´ɘ ´  

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ZULWH5$67  [ PDS YQDPH SDVWH  ´86,08/$7,21VKUXE´ 
\HDUV  VHS ´ ´  
] FR O   12'$7$ −
PHVVDJH ´    ɘGRQH  ´ 
JURZWKUDWHJUDVV − GDWD  IUDPH
UHDG5$67 ´ JUD WHJUDV V ´   >   @
 UQRUP FHOOQXPEHU  PHDQ VG 
JURZWKUDWHVKUXE − GDWD  IUDPH
UHDG5$67 ´ JUDWHVKUXE ´   >   @
 UQRUP FHOOQXPEHU  PHDQ VG 
 UHJHQHUDWH UDQGRPLVHG JURZWK UDWH
`
$Q H[DPSOH LQSXW ILOH LV OLVWHG EHORZ
b5bm\nnZlp\iodot ,
r5ncmp]Zlp\iodot ,
mZvbx5bmjrocZm\o`Zbm\nn +)+4
mZvrx5bmjrocZm\o`Zncmp] +),,
n5bm\udibZdio`indot +).3
^Zvrbx5^jhk`ododji +),1
^Zvbrx5^jhk`ododji +),1
^Zvbbx5^jhk`ododji +).
^Zvrrx5^jhk`ododji +).
`Zvb'rx5_dnopm]\i^` +),
`Zvgx5gdq`noj^f_dnopm]\i^` +),
^Zv`x5m`^jq`mtZm\o` +)11
^gZv`x5gdq`noj^fm`^jq`mtZm\o` ,
^Zvax5adm`Zmdnf +
t`\mn ,0+
_dnokmj]\] +)-

$SSHQGL[ %
&RQFHSWXDO PRGHO
YLVXDOLVDWLRQ
!
7KH*UDSKYL] VFULSW XVHG WR YLVXDOLVH WKH FRQFHSWXDOPRGHO LV DV EHORZ
GLJUDSK FRQFHSWPRGHO ^
V L ] H ´     ´
U D W L R DXWR
JUDSK >VHS ´´ RYHUODS VFD OH RXWSXWRUGHU QRGHV I L U V W 
VSOLQHV WUXH @
 I D V W FKDQJLQJ RQHV 
^QRGH >VKDSH F L U F O H  VW\OH I L O O H G  FRORU VN\EOXH 
IRQWQDPH +HOYHW LFD  IRQWVL]H @
VQRZVWRUP > ODEHO ´6QRZVWRUP´ @ 
O L Y H V W R F N > ODEHO ´ /LYHV WRFN ´ @ 
GURXJKW > ODEHO ´'URXJKW ´ @ 
I L U H > ODEHO ´ )LUH ´ @ 
HURV LRQ > ODEHO ´ 6R L O ɘ(URVLRQ ´ @ 
`
 V ORZO\ FKDQJLQJ RQHV 

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^QRGH >VKDSH F L U F O H  VW\OH I L O O H G  FRORU \HOORZ 
IRQWQDPH +HOYHW LFD  IRQWVL]H @
VHHGEDQN > ODEHO ´6HHG?ɘEDQN´ @ 
E L RG L Y H U V L W \ > ODEHO ´ % LRG L Y H U V L W \ ´ @ 
F O LPDWH > ODEHO ´ &OLPDWHɘFKDQJH ´ @ 
SRSXODW LRQ > ODEHO ´ 3RSXODW LRQ ´ @ 
V R F L D O H I I H F W > ODEHO ´ 6RF L D O ?Qɘ H I I H F W L Y HQ H V V ´ @ 
V R F L D O I D L U > ODEHO ´ 6RF L D O ɘ I D L U Q H V V ´ @ 
D O W L W X G H > ODEHO ´ $ O W L WXGH ´ @ 
V ORSH > ODEHO ´ 6ORSH ´ @ 
`
 FURVV−V FD O H RQHV 
^QRGH >VKDSH ER[  VW\OH I L O O H G  FRORU ODZQJUHHQ 
IRQWQDPH +HOYHW LFD  IRQWVL]H @
WHPSHUDWXUH > ODEHO ´7HPSHUDWXUH ´ @ 
S U H F L S L W D W L RQ > ODEHO ´ 3 U H F L S L W D W L RQ ´ @ 
V R L O QX W U L H Q W > ODEHO ´ 6R L O ɘQXWU L HQ W ´ @ 
VR L OPR L V WXUH > ODEHO ´ 6R L O ɘPRLVWXUH ´ @ 
ZD WH UDYD L O DE O H > ODEHO ´:DWHUɘ D Y D L O D E L O L W \ ´ @ 
Z L O G O L I H > ODEHO ´ :L OG O L I H ´ @ 
JUDVV > ODEHO ´*UDVVɘ D Y D L O D E L O L W \ ´ @ 
VH W W OHPHQW > ODEHO ´ 6HWW OHPHQWV ´ @ 
HFRQRPLF > ODEHO ´(FRQRPLFɘ? Q Y L D E L O L W \ ´ @ 
GHPDQG > ODEHO ´0DUNHWɘGHPDQG´ @ 
PREL O L W\ > ODEHO ´0REL O L W\ ´ @ 
`
 L Q W H U D F W L RQ V 
 ZLWKLQ−V FD O H RQHV 
^HGJH > IRQWVL]H IRQWQDPH +HOYHW LFD 

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ODEHOIRQWVL]H DUURZVL]H @ 
VQRZVWRUP −! O L Y H V W R F N >DUURZKHDG ´HPSW\´ @ 
GURXJKW −! O L Y H V W R F N >DUURZKHDG ´HPSW\´ @ 
VQRZVWRUP −! VR L OPRLV WXUH >DUURZKHDG ´QRUPDO ´ @ 
VQRZVWRUP −! Z L O G O L I H >DUURZKHDG ´HPSW\´ @ 
O L Y H V W R F N −! VHHGEDQN >DUURZKHDG ´QRUPDO ´ @ 
VQRZVWRUP −! VHHGEDQN >DUURZKHDG ´HPSW\´ @ 
GURXJKW −! VR L OPRLV WXUH >DUURZKHDG ´HPSW\´ @ 
GURXJKW −! ZDWHUDYD L O DE O H >DUURZKHDG ´HPSW\´ @ 
SRSXODW LRQ −! GHPDQG >DUURZKHDG ´QRUPDO ´ @ 
D O W L W X G H −! WHPSHUDWXUH >DUURZKHDG ´HPSW\´ @ 
D O W L W X G H −! ZDWH UDYD L O DE O H >DUURZKHDG ´HPSW\´ @ 
D O W L W X G H −! SRSXODW LRQ >DUURZKHDG ´HPSW\´ @ 
V ORSH −! ZDWH UDYD L O DE O H >DUURZKHDG ´HPSW\´ @ 
V ORSH −! SRSXODW LRQ >DUURZKHDG ´HPSW\´ @ 
WHPSHUDWXUH −! JUDVV >DUURZKHDG ´HGLDPRQG´ @ 
S U H F L S L W D W L RQ −! VR L OPRLV WXUH
>DUURZKHDG ´QRUPDO ´ @ 
V R L O QX W U L H Q W −! JUDVV >DUURZKHDG ´QRUPDO ´ @ 
VR L OPR L V WXUH −! JUDVV >DUURZKHDG ´QRUPDO ´ @ 
JUDVV −! O L Y H V W R F N >DUURZKHDG ´QRUPDO ´ 
DUURZWDLO ´HPSW\´ GLU ERWK @ 
VH W W OHPHQW −! SRSXODW LRQ >DUURZWDLO ´QRUPDO ´ 
DUURZKHDG ´QRUPDO ´ GLU ERWK @ 
O L Y H V W R F N −! HURV LRQ >DUURZKHDG ´QRUPDO ´ @ 
HURV LRQ −! JUDVV >DUURZKHDG ´HPSW\´ @ 
S U H F L S L W D W L RQ −! HURVLRQ >DUURZKHDG ´QRUPDO ´ @ 
I L U H −! HURVLRQ >DUURZKHDG ´QRUPDO ´ @ 
V ORSH −! HURVLRQ >DUURZKHDG ´QRUPDO ´ @ 

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`
 FURVV−V FD O H RQHV 
^HGJH > IRQWVL]H IRQWQDPH +HOYHW LFD  FRORU EOXH 
ODEHOIRQWVL]H DUURZVL]H @ 
VQRZVWRUP −! JUDVV >DUURZKHDG ´HPSW\´ @ 
O L Y H V W R F N −! E L RG L Y H U V L W \
>DUURZKHDG ´HGLDPRQG´ @ 
O L Y H V W R F N −! VR L O QX W U L H Q W >DUURZKHDG ´QRUPDO ´ @ 
O L Y H V W R F N −! Z L O G O L I H
>GLU ERWK DUURZKHDG ´HPSW\´ 
DUURZWDLO ´HPSW\´ @ 
O L Y H V W R F N −! VHW W OHPHQW >DUURZKHDG ´QRUPDO ´ @ 
O L Y H V W R F N −! HFRQRPLF >DUURZKHDG ´QRUPDO ´ @ 
GURXJKW −! JUDVV >DUURZKHDG ´HPSW\´ @ 
GURXJKW −! I L U H >DUURZKHDG ´QRUPDO ´ @ 
I L U H −! VHHGEDQN >DUURZKHDG ´HPSW\´ @ 
I L U H −! VR L O QX W U L H Q W >DUURZKHDG ´HPSW\´ @ 
VHHGEDQN −! JUDVV >DUURZWDLO ´QRUPDO ´ 
GLU ERWK DUURZKHDG ´QRUPDO ´ @ 
E L RG L Y H U V L W \ −! JUDVV >DUURZKHDG ´QRUPDO ´ @ 
E L RG L Y H U V L W \ −! Z L O G O L I H
>GLU ERWK DUURZKHDG ´QRUPDO ´ 
DUURZWDLO ´QRUPDO ´ @ 
F O LPDWH −! WHPSHUDWXUH >DUURZKHDG ´QRUPDO ´ @ 
F O LPDWH −! SU H F L S L W D W L RQ
>DUURZKHDG ´HPSW\´ @ 
SRSXODW LRQ −! O L Y H V W R F N
>GLU ERWK  DUURZWDLO ´QRUPDO ´ 
DUURZKHDG ´QRUPDO ´ @ 

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SRSXODW LRQ −! E L RG L Y H U V L W \
>DUURZKHDG ´HPSW\´ @ 
SRSXODW LRQ −! V R F L D O H I I H F W
>DUURZKHDG ´HPSW\´ @ 
SRSXODW LRQ −! ZDWHUDYD L O DE O H
>DUURZKHDG ´HPSW\´ 
DUURZWDLO ´QRUPDO ´ 
GLU ERWK @ 
SRSXODW LRQ −! JUDVV >DUURZKHDG ´HPSW\´ @ 
SRSXODW LRQ −! HFRQRPLF >DUURZKHDG ´QRUPDO ´ @ 
SRSXODW LRQ −! PREL O L W\ >DUURZKHDG ´HPSW\´ @ 
V R F L D O I D L U −! HFRQRPLF >DUURZKHDG ´QRUPDO ´ @ 
V R F L D O I D L U −! GHPDQG >DUURZKHDG ´QRUPDO ´ @ 
V R F L D O H I I H F W −! HFRQRPLF >DUURZKHDG ´QRUPDO ´ @ 
WHPSHUDWXUH −! GURXJKW >DUURZKHDG ´QRUPDO ´ @ 
S U H F L S L W D W L RQ −! JUDVV >DUURZKHDG ´QRUPDO ´ @ 
S U H F L S L W D W L RQ −! ZDWHUDYD L O DE O H
>DUURZKHDG ´QRUPDO ´ @ 
ZD WH UDYD L O DE O H −! JUDVV >DUURZKHDG ´QRUPDO ´ @ 
ZD WH UDYD L O DE O H −! Z L O G O L I H
>DUURZKHDG ´QRUPDO ´ @ 
ZD WH UDYD L O DE O H −! O L Y H V W R F N
>DUURZKHDG ´QRUPDO ´ @ 
HFRQRPLF −! GHPDQG >DUURZKHDG ´QRUPDO ´ @ 
VH W W OHPHQW −! PREL O L W\ >DUURZKHDG ´HPSW\´ @ 
PREL O L W\ −! O L Y H V W R F N >DUURZKHDG ´QRUPDO ´ @ 
PREL O L W\ −! JUDVV >DUURZKHDG ´QRUPDO ´ @ 
`
`

%LEOLRJUDSK\
$KQ &+ DQG 7DWHLVKL 5  µ'HYHORSPHQW RI JOREDO PLQXWH
JULG SRWHQWLDO HYDSRWUDQVSLUDWLRQ GDWD VHW¶ -RXUQDO RI WKH -DSDQ 6R
FLHW\ 3KRWRJUDPPHWU\ 5HPRWH 6HQVLQJ  ±
$OGHQGHUIHU DQG <LQRQJ  µ7KH SUHKLVWRU\ RI WKH 7LEHWDQ SODWHDX WR
WKH VHYHQWK FHQWXU\ DG 3HUVSHFWLYHV DQG UHVHDUFK IURP &KLQD DQG WKH
:HVW VLQFH ¶ -RXUQDO RI :RUOG 3UHKLVWRU\  ±
$OOLVRQ + ( DQG +REEV 5 -  µ5HVLOLHQFH DGDSWLYH FDSDFLW\ DQG
WKH ³ORFNLQ WUDS´ RI WKH :HVWHUQ $XVWUDOLDQ DJULFXOWXUDO UHJLRQ¶ (FRO
RJ\ DQG 6RFLHW\ 
$Q = 3RUWHU 6 & .XW]EDFK - ( ;LKDR : 6XPLQJ : ;LDRGRQJ
/ ;LDRTLDQJ / DQG :HLMLDQ =  µ$V\QFKURQRXV KRORFHQH
RSWLPXP RI WKH (DVW $VLDQ PRQVRRQ¶ 4XDWHUQDU\ 6FLHQFH 5HYLHZV
 ±
$QJHUW $ %LUDXG 6 %RQILOV & +HQQLQJ & & %XHUPDQQ : 3LQ
]RQ - 7XFNHU & - DQG )XQJ ,  µ'ULHU VXPPHUV FDQFHO RXW
WKH &2 XSWDNH HQKDQFHPHQW LQGXFHG E\ZDUPHU VSULQJV¶ 3URFHHGLQJV
RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV RI WKH 8QLWHG 6WDWHV RI $PHULFD
 ±
$Q\DPED $ DQG 7XFNHU & -  µ$QDO\VLV RI 6DKHOLDQ YHJHWDWLRQ
G\QDPLFV XVLQJ 12$$$9+55 1'9, GDWD IURP ¶ -RXUQDO
RI $ULG (QYLURQPHQWV  ±

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%DO]WHU + %UDXQ 3 : DQG .|KOHU :  µ&HOOXODU DXWRPDWD PRG
HOV IRU YHJHWDWLRQ G\QDPLFV¶ (FRORJLFDO 0RGHOOLQJ  ±
%DQNV 7 5LFKDUG & /L 3 DQG<DQ =  µ&RPPXQLW\EDVHG JUDVV
ODQG PDQDJHPHQW LQ :HVWHUQ &KLQD 5DWLRQDOH SLORW SURMHFW H[SHUL
HQFH DQG SROLF\ LPSOLFDWLRQV¶ 0RXQWDLQ 5HVHDUFK DQG 'HYHORSPHQW
 ±
%DQVRG 6 ' <LQ =< /LQ = DQG =KDQJ ;  µ7KHUPDO ILHOG RYHU
7LEHWDQ 3ODWHDX DQG ,QGLDQ VXPPHU PRQVRRQ UDLQIDOO¶ ,QWHUQDWLRQDO
-RXUQDO RI &OLPDWRORJ\  ±
%DR < %UDXQLQJ $ DQG 6KL <  µ/DWH +RORFHQH WHPSHUDWXUH
IOXFWXDWLRQV RQ WKH 7LEHWDQ 3ODWHDX¶ 4XDWHUQDU\ 6FLHQFH 5HYLHZV
 ±
%DXHU .  µ'HYHORSPHQW DQG WKH HQFORVXUH PRYHPHQW LQ SDVWRUDO
WLEHW VLQFH WKH V¶ 1RPDGLF 3HRSOHV 
%DXP 5 ( DQG *HUPLQR 0 -  'LVWXUEDQFH KLVWRULHV LQFUHDVH
YDULDELOLW\ LQ UHPRWHO\ VHQVHG LQGLFHV RI VDJHEUXVKVWHSSH RYHU WKH SDVW
FD  \HDUV LQ µ3URFHHGLQJV RI WKH $QQXDO ,QWHUPRXQWDLQ *,6 8VHU
&RQIHUHQFH¶ 85,6$ 3RFDWHOOR ,GDKR
%HQQHWW ( 0 &XPPLQJ * 6 DQG 3HWHUVRQ * '  µ$ V\VWHPV
PRGHO DSSURDFK WR GHWHUPLQLQJ UHVLOLHQFH VXUURJDWHV IRU FDVH VWXGLHV¶
(FRV\VWHPV  ±
%HUU\PDQ $ $ 3ULQFLSOHV RI 3RSXODWLRQ'\QDPLFV DQG7KHLU $S
SOLFDWLRQ 6WDQOH\ 7KRUQHV /WG &KHOWHQKDP
%HVWHOPH\HU % 7 +DYVWDG . 0 'DPLQGVXUHQ % +DQ * %URZQ
- 5 +HUULFN - ( &DLWULDQD 0 6 DQG 3HWHUV ' 3 &  5HVLO
LHQFH WKHRU\ LQPRGHOV RI UDQJHODQG HFRORJ\ DQG UHVWRUDWLRQ 7KH HYROX
WLRQ DQG DSSOLFDWLRQ RI D SDUDGLJP LQ5 -+REEV DQG.1 6XGLQJ HGV

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µ1HZ 0RGHOV IRU (FRV\VWHP '\QDPLFV DQG 5HVWRUDWLRQ¶ ,VODQG 3UHVV
:DVKLQJWRQ
%OHQFK 5  µ\RX FDQ¶W JR KRPH DJDLQ¶ 3DVWRUDOLVP LQ WKH QHZ PLO
OHQQLXP 7HFKQLFDO UHSRUW 2YHUVHDV 'HYHORSPHQW ,QVWLWXWH /RQGRQ
%ROWH - 3 +XOVH ' : *UHJRU\ 6 9 DQG 6PLWK &  µ0RGHOLQJ
ELRFRPSOH[LW\  DFWRUV ODQGVFDSHV DQG DOWHUQDWLYH IXWXUHV¶ (QYLURQ
PHQWDO 0RGHOOLQJ 	 6RIWZDUH  ±
%RQGHDX $ .LFNOLJKWHU ' : .DGXN - DQG ,QWHUFRPSDULVRQ 7 3
2 7 3 1 0  µ&RPSDULQJ JOREDO PRGHOV RI WHUUHVWULDO QHW SUL
PDU\ SURGXFWLYLW\ 133 LPSRUWDQFH RI YHJHWDWLRQ VWUXFWXUH RQ VHD
VRQDO 133 HVWLPDWHV¶ *OREDO &KDQJH %LRORJ\ 6 ±
%RWVIRUG / : &DVWLOOD - & DQG 3HWHUVRQ & +  µ7KH PDQDJH
PHQW RI ILVKHULHV DQGPDULQH HFRV\VWHPV¶ 6FLHQFH ±
%UDQWLQJKDP 3 - DQG;LQJ *  µ3HRSOLQJ RI WKH QRUWKHUQ 7LEHWDQ
3ODWHDX¶:RUOG $UFKDHRORJ\  ±
%UDQWLQJKDP 3 0D + 2OVHQ - *DR ; 0DGVHQ ' DQG 5KRGH
'  µ6SHFXODWLRQ RQ WKH WLPLQJ DQG QDWXUH RI /DWH 3OHLVWRFHQH
KXQWHUJDWKHUHU FRORQL]DWLRQ RI WKH 7LEHWDQ 3ODWHDX¶ &KLQHVH 6FLHQFH
%XOOHWLQ  ±
&DPSEHOO - %  ,QWURGXFWLRQ WR 5HPRWH 6HQVLQJ 7D\ORU 	 )UDQ
FLV
&DQH 0 $  µ7KH HYROXWLRQ RI (O 1LxR SDVW DQG IXWXUH¶ (DUWK DQG
3ODQHWDU\ 6FLHQFH /HWWHUV  ±
&DUSHQWHU 6 %URFN : DQG +DQVRQ 3  µ(FRORJLFDO DQG VRFLDO
G\QDPLFV LQ VLPSOH PRGHOV RI HFRV\VWHP PDQDJHPHQW¶ (FRORJ\ DQG
6RFLHW\  

%,%/,2*5$3+<
&DUSHQWHU 6 5 DQG *XQGHUVRQ / +  µ&RSLQJ ZLWK FROODSVH
(FRORJLFDO DQG VRFLDO G\QDPLFV LQ HFRV\VWHP PDQDJHPHQW¶ %LR6FLHQFH
 
&DUSHQWHU 6 5 DQG 7XUQHU 0 *  µ+DUHV DQG WRUWRLVHV
,QWHUDFWLRQV RI IDVW DQG VORZ YDULDEOHVLQ HFRV\VWHPV¶ (FRV\VWHPV
 ±
&DUSHQWHU 6 5 :HVWOH\ ) DQG 7XUQHU 0 *  µ6XUURJDWHV IRU
UHVLOLHQFH RI VRFLDOHFRORJLFDO V\VWHPV¶ (FRV\VWHPV  ±
&DUSHQWHU 6 :DONHU % $QGHULHV - 0 DQG $EHO 1  µ)URP
PHWDSKRU WR PHDVXUHPHQW 5HVLOLHQFH RI ZKDW WR ZKDW"¶ (FRV\VWHPV
 ±
&DVK ': $GJHU : 1 %HUNHV ) *DUGHQ 3 /HEHO / 2OVVRQ 3 DQG
3ULWFKDUG /  µ6FDOH DQG FURVVVFDOH G\QDPLFV *RYHUQDQFH DQG
LQIRUPDWLRQ LQ D PXOWLOHYHO ZRUOG¶ (FRORJ\ DQG 6RFLHW\  
&KDQJ & 3 +DUU 3 DQG -X -  µ3RVVLEOH UROHV RI $WODQWLF &LUFX
ODWLRQV RQ WKH ZHDNHQLQJ ,QGLDQPRQVRRQ UDLQIDOO±(162 UHODWLRQVKLS¶
-RXUQDO RI &OLPDWH  ±
&KDQJ ' + 6  µ7KH YHJHWDWLRQ ]RQDWLRQ RI WKH 7LEHWDQ 3ODWHDX¶
0RXQWDLQ 5HVHDUFK DQG 'HYHORSPHQW  ±
&KDQJ -+  µ7KH &KLQHVH PRQVRRQ¶ *HRJUDSKLFDO 5HYLHZ
 ±
&KHQ 6 /LX < DQG 7KRPDV $  µ&OLPDWLF FKDQJH RQ WKH 7L
EHWDQ SODWHDX 3RWHQWLDO HYDSRWUDQVSLUDWLRQ WUHQGV IURP ±¶
&OLPDWLF &KDQJH ± ±

%,%/,2*5$3+<
&KHQ = ,YDQRY 3 & +X . DQG 6WDQOH\ + (  µ(IIHFW RI QRQ
VWDWLRQDULWLHV RQ GHWUHQGHG IOXFWXDWLRQ DQDO\VLV¶ 3K\VLFDO 5HYLHZ (
 
&KHQJ * ' DQG :X 7 +  µ5HVSRQVHV RI SHUPDIURVW WR FOLPDWH
FKDQJH DQG WKHLU HQYLURQPHQWDO VLJQLILFDQFH 4LQJKDL7LEHW SODWHDX¶
-RXUQDO RI *HRSK\VLFDO 5HVHDUFK(DUWK 6XUIDFH ) )6
&KLQD 7LEHW ,QIRUPDWLRQ &HQWHU QG µ%DVLFV RI &KLQD 7LEHW¶ >RQOLQH@
LQ &KLQHVH $FFHVVHG RQ  1RY 
85/ cook5**uo)od]`o)^i*o*sue]lf*-++.,-++.,,-2,2+3//)coh
&KLQD $WODV  0DS 3UHVV %HLMLQJ
&KRSSLQJ 0 -  /LQHDU 6HPL(PSLULFDO .HUQHO'ULYHQ %LGLUHF
WLRQDO 5HIOHFWDQFH 'LVWULEXWLRQ )XQFWLRQ 0RGHOV LQ 0RQLWRULQJ 6HPL
$ULG *UDVVODQGV IURP 6SDFH 3K' WKHVLV 8QLYHUVLW\ RI 1RWWLQJKDP
&KRX &  µ/DQG±VHD KHDWLQJ FRQWUDVW LQ DQ LGHDOL]HG $VLDQ VXP
PHU PRQVRRQ¶ &OLPDWH '\QDPLFV  ±
&OXWWRQ%URFN -  $ 1DWXUDO +LVWRU\ RI 'RPHVWLFDWHG 0DPPDOV
&DPEULGJH 8QLYHUVLW\ 3UHVV &DPEULGJH
&ROHPDQ 0 DQG +RGJHV .  µ(YLGHQFH IRU 7LEHWDQ SODWHDX XSOLIW
EHIRUH  P\U DJR IURP D QHZ PLQLPXP DJH IRU HDVWZHVW H[WHQVLRQ¶
1DWXUH  ±
&RQJUHVVLRQDO([HFXWLYH &RPPLVVLRQ RQ &KLQD HG  'HYHORS
PHQW 3URMHFWV LQ 7LEHWDQ $UHDV RI &KLQD $UWLFXODWLQJ &OHDU *RDOV
DQG $UFKLHYLQJ 6XVWDLQDEOH 5HVXOWV 8 6 &RQJUHVV 8 6 *RYHUQPHQW
3ULQWLQJ 2IILFH :DVKLQJWRQ '&
&UDFNQHOO $ 3  7KH $GYDQFHG 9HU\ +LJK 5HVROXWLRQ 5DGLRPHWHU
$9+55 &5& 3UHVV
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&UDPHU : %RQGHDX $ :RRGZDUG ) 3UHQWLFH , %HWWV 5 %URYNLQ
9 &R[ 3 )LVKHU 9 )ROH\ - )ULHQG $ HW DO  µ*OREDO UHVSRQVH
RI WHUUHVWULDO HFRV\VWHP VWUXFWXUH DQG IXQFWLRQ WR &2 DQG FOLPDWH
FKDQJH UHVXOWV IURP VL[ G\QDPLF JOREDO YHJHWDWLRQ PRGHOV¶ *OREDO
&KDQJH %LRORJ\  ±
&XPPLQJ * %DUQHV * 3HU] 6 6FKPLQN 0 6LHYLQJ . 6RXWKZRUWK
- %LQIRUG 0 +ROW 5 6WLFNOHU & DQG 9DQ +ROW 7  µ$Q
H[SORUDWRU\ IUDPHZRUN IRU WKH HPSLULFDO PHDVXUHPHQW RI UHVLOLHQFH¶
(FRV\VWHPV  ±
'HUE\VKLUH ( <DIHQJ 6 -LMXQ / %HQ[LQJ = 6KLMLH / DQG -LQJWDL :
 µ4XDWHUQDU\ JODFLDWLRQ RI 7LEHW 7KH JHRORJLFDO HYLGHQFH¶ 4XD
WHUQDU\ 6FLHQFH 5HYLHZV  ±
'L / DQG+DVWLQJV ' $  µ7HPSRUDO VWDELOLW\ RI VRPH JOREDO 1'9,
SURGXFWV GHULYHG IURP 12$$$9+55 *9,¶ ,QWHUQDWLRQDO -RXUQDO RI
5HPRWH 6HQVLQJ  ±
'LOOH\ 0 DQG +H\PDQ % 1  µ(162 DQG GLVDVWHU 'URXJKWV
IORRGV DQG (O 1LxR6RXWKHUQ 2VFLOODWLRQ ZDUP HYHQWV¶ 'LVDVWHUV
 ±
'RQJ 6 /RQJ 5 +X = 'LQJ / DQG ;X 0  µ,QIOXHQFH RI JUD]
LQJ LQWHQVLW\ RQ SHUIRUPDQFH RI SHUHQQLDO JUDVV PL[WXUHV LQ WKH DOSLQH
UHJLRQ RI WKH 7LEHWDQ SODWHDX¶ 1HZ =HDODQG -RXUQDO RI $JULFXOWXUDO
5HVHDUFK  ±
'RXJODV * % DQG 7UXVWUXP 1 $  µ(IIHFW RI VRLO VOLS HURVLRQ RQ
ZDLURD KLOO SDVWXUH SURGXFWLRQ DQG FRPSRVLWLRQ¶1HZ=HDODQG -RXUQDO
RI $JULFXOWXUDO 5HVHDUFK  ±
'UH\HU - 7  µ(FRQRPLF GHYHORSPHQW LQ 7LEHW XQGHU WKH 3HRSOH¶V
5HSXEOLF RI &KLQD¶ -RXUQDO RI &RQWHPSRUDU\ &KLQD  ±

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'X 0 .DZDVKLPD 6 <RQHPXUD 6 =KDQJ ; DQG &KHQ 6 
µ0XWXDO LQIOXHQFH EHWZHHQ KXPDQ DFWLYLWLHV DQG FOLPDWH FKDQJH LQ WKH
7LEHWDQ 3ODWHDX GXULQJ UHFHQW \HDUV¶ *OREDO DQG 3ODQHWDU\ &KDQJH
 ±
'XDQ . DQG <DR 7  µ0RQVRRQ YDULDELOLW\ LQ WKH KLPDOD\DV XQGHU
WKH FRQGLWLRQ RI JOREDO ZDUPLQJ¶ -RXUQDO RI WKH0HWHRURORJLFDO 6RFLHW\
RI -DSDQ  ±
(ZLQJ 6  µ+HDUWK DQG FORWK GZHOOLQJ SUDFWLFH DQG SURGXFWLRQ LQ
(DVWHUQ 7LEHW¶ 7KH -RXUQDO RI $UFKLWHFWXUH  ±
)DQ - =KRQJ + +DUULV : <X * :DQJ 6 +X = DQG <XH <
 µ&DUERQ VWRUDJH LQ WKH JUDVVODQGV RI &KLQD EDVHG RQ ILHOG
PHDVXUHPHQWV RI DERYH DQG EHORZJURXQG ELRPDVV¶ &OLPDWLF &KDQJH
 ±
)LHOG & % 5DQGHUVRQ - 7 DQG 0DOPVWURP & 0  µ*OREDO QHW
SULPDU\ SURGXFWLRQ &RPELQLQJ HFRORJ\ DQG UHPRWH VHQVLQJ¶ 5HPRWH
6HQVLQJ RI (QYLURQPHQW  ±
)RJJLQ - 0   KLJKODQG HQFRXQWHUV %XLOGLQJ QHZ SDUWQHU
VKLSV IRU FRQVHUYDWLRQ DQG VXVWDLQDEOH GHYHORSPHQW LQ WKH<DQJW]H ULYHU
KHDGZDWHUV WKH KHDUW RI WKH 7LEHWDQ SODWHDX &KLQD LQ - 9HODVTXH]
0 <DVKLUR < 6XVDQ DQG , 2QR HGV µ,QQRYDWLYH &RPPXQLWLHV 3HRSOH
FHQWUHG $SSURDFKHV WR (QYLURQPHQWDO 0DQDJHPHQW LQ WKH $VLD3DFLILF
5HJLRQ¶ 8QLWHG 1DWLRQV 8QLYHUVLW\ 3UHVV 7RN\R
)RONH & &DUSHQWHU 6 :DONHU % 6FKHIIHU 0 (OPTYLVW 7 *XQGHU
VRQ / DQG +ROOLQJ &  µ5HJLPH VKLIWV UHVLOLHQFH DQG ELRGLYHU
VLW\ LQ HFRV\VWHPPDQDJHPHQW¶ $QQXDO 5HYLHZ RI (FRORJ\ (YROXWLRQ
DQG 6\VWHPDWLFV  ±

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)UDWNLQ (  µ3DVWRUDOLVP *RYHUQDQFH DQG GHYHORSPHQW LVVXHV¶
$QQXDO 5HYLHZ RI $QWKURSRORJ\  ±
)UHHPDQ 0 3 DQG :DWNLQV 1 :  µ$XURUDO DQG VSDFH SK\VLFV
7KH KHDYHQV LQ D SLOH RI VDQG¶ 6FLHQFH  ±
)ULHGHO 0 + /D\FRFN : $ DQG %DVWLQ * 1  $VVHVV
LQJ 5DQJHODQG &RQGLWLRQ DQG 7UHQG &$%, 3XEOLVKLQJ :DOOLQJIRUG
SS ±
)U|KOLFK & DQG /HDQ -  µ7KH VXQ¶V WRWDO LUUDGLDQFH &\FOHV WUHQGV
DQG UHODWHG FOLPDWH FKDQJH XQFHUWDLQWLHV VLQFH ¶ *HRSK\VLFDO 5H
VHDUFK /HWWHUV  ±
)URKQ 5 & 5HPRWH 6HQVLQJ IRU /DQGVFDSH (FRORJ\ 1HZ0HWULF
,QGLFDWRUV IRU 0RQLWRULQJ 0RGHOLQJ DQG $VVHVVPHQW RI (FRV\VWHPV
/HZLV 3XEOLVKHUV86
*DPRQ - $ )LHOG & % *RXOGHQ 0 / *ULIILQ . / +DUWOH\ $ (
-RHO * 3HQXHODV - DQG 9DOHQWLQL 5  µ5HODWLRQVKLSV EHWZHHQ
1'9, FDQRS\ VWUXFWXUH DQG SKRWRV\QWKHVLV LQ WKUHH &DOLIRUQLDQ YHJH
WDWLRQ W\SHV¶ (FRORJLFDO $SSOLFDWLRQV  ±
*DVVH ) $UQROG 0 )RQWHV - & )RUW 0 *LEHUW ( +XF $ %LQJ\DQ
/ <XDQIDQJ / 4LQJ / 0qOLpUHV ) &DPSR ( 9 )XEDR : DQG
4LQJVRQJ =  µ$ \HDU FOLPDWH UHFRUG IURPZHVWHUQ 7LEHW¶
1DWXUH  ±
*H 4 :DQJ 6 :HQ ; 6KHQ & DQG +DR =  µ7HPSHUDWXUH
DQG SUHFLSLWDWLRQ FKDQJHV LQ &KLQD GXULQJ WKH KRORFHQH¶ $GYDQFHV LQ
$WPRVSKHLUF 6FLHQFHV  ±
*LQVEXUJV * DQG 0DWKRV 0  µ&RPPXQLVW &KLQD¶V LPSDFW RQ 7L
EHW 7KH ILUVW GHFDGH ,¶ )DU (DVWHUQ 6XUYH\  ±

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*ROGEHUJHU $ / $PDUDO / $ 1 *ODVV / +DXVGRUII - 0 ,YDQRY
3 & 0DUN 5 * 0LHWXV - ( 0RRG\ * % 3HQJ &. DQG 6WDQ
OH\ + (  µ3K\VLR%DQN 3K\VLR7RRONLW DQG 3K\VLR1HW  &RP
SRQHQWV RI D QHZ UHVHDUFK UHVRXUFH IRU FRPSOH[ SK\VLRORJLF VLJQDOV¶
&LUFXODWLRQ  H±
*ROGVWHLQ 0 &  7KH 6QRZ /LRQ DQG WKH 'UDJRQ 8QLYHUVLW\ RI
&DOLIRUQLD 3UHVV %HUNHOH\
*ROGVWHLQ 0 & DQG %HDOO & 0  µ7KH LPSDFW RI &KLQD¶V UHIRUP
SROLF\ RQ WKH QRPDGV RI :HVWHUQ 7LEHW¶ $VLDQ 6XUYH\  ±
*ROGVWHLQ 0 & DQG %HDOO & 0  µ&KDQJH DQG FRQWLQXLW\ LQ QR
PDGLF SDVWRUDOLVP RQ WKH ZHVWHUQ 7LEHWDQ SODWHDX¶ 1RPDGLF 3HRSOH
 ±
*ROGVWHLQ 0 & %HDOO & 0 DQG &LQFRWWD 5 3  µ7UDGLWLRQDO
QRPDGLF SDVWRUDOLVP DQG HFRORJLFDO FRQVHUYDWLRQ RQ 7LEHW¶V QRUWKHUQ
SODWHDX¶ 1DWLRQDO *HRJUDSKLFDO 5HVHDUFK  ±
*RRGUXP * .LGZHOO . % DQG :LQVWRQ : 12$$ ./08VHU¶V
*XLGH 1DWLRQDO 2FHDQLF DQG $WPRVSKHULF $GPLQLVWUDWLRQ *UHHQEHOW
0DU\ODQG
*RX ; &KHQ ) -DFRE\ * &RRN ( <DQJ 0 3HQJ - DQG =KDQJ <
 µ5DSLG WUHH JURZWKZLWK UHVSHFW WR WKH ODVW  \HDUV LQ UHVSRQVH
WR FOLPDWH ZDUPLQJ QRUWKHDVWHUQ 7LEHWDQ SODWHDX¶ ,QWHUQDWLRQDO -RXU
QDO RI &OLPDWRORJ\  ±
*UXQIHOG $ 7  7KH 0DNLQJ RI 0RGHUQ 7LEHW UHYLVHG HGQ 0 (
6KDUSH ,QF 1HZ <RUN
*XJHUOL ) (LFKHQEHUJHU . DQG 6FKQHOOHU - -  µ3URPLVFXLW\ LQ
SRSXODWLRQV RI WKH FXVKLRQ SODQW 6D[LIUDJD RSSRVLWLIROLD LQ WKH 6ZLVV

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$OSV DV LQIHUUHG IURP UDQGRP DPSOLILHG SRO\PRUSKLF '1$ 5$3'¶
0ROHFXODU (FRORJ\  ±
*XQGHUVRQ / DQG 3ULWFKDUG / HGV 5HVLOLHQFH DQG WKH %HKDYLRU
RI /DUJH6FDOH 6\VWHPV 6&23( ,VODQG 3UHVV :DVKLQJWRQ
*\DPWVKR 3 DQG ,VPDLO 0  %ULHI LQIRUPDWLRQ RQ UDQJHODQG RI
WKH +.+ 7HFKQLFDO UHSRUW ,QWHUQDWLRQDO &HQWUH IRU ,QWHJUDWHG 0RXQ
WDLQ 'HYHORSPHQW .DWKPDQGX
+DJLQR\D 6  µ6HDVRQDO DQG DQQXDO YDULDWLRQ RI KHDW EDODQFH LQ
WKH ZHVWHUQ 7LEHW¶ %XOOHWLQ RI WKH 7HUUHVWULDO (QYLURQPHQW 5HVHDUFK
&HQWHU 8QLYHUVLW\ RI 7VXNXED SS ±
+DOOH\ -0  µ(FRORJ\ HYROXWLRQ DQG IQRLVH¶ 7UHQGV LQ (FRORJ\
	 (YROXWLRQ  ±
+DQVHQ 0 & 'HIULHV 5 6 7RZQVKHQG - 5 * DQG 6RKOEHUJ 5
 µ*OREDO ODQG FRYHU FODVVLILFDWLRQ DW  NP VSDWLDO UHVROXWLRQ XVLQJ
D FODVVLILFDWLRQ WUHH DSSURDFK¶ ,QWHUQDWLRQDO -RXUQDO RI 5HPRWH 6HQV
LQJ  ±
+DUGLQ *  µ7KH WUDJHG\ RI WKH FRPPRQV¶ 6FLHQFH
 ±
+H < 4 =KDQJ = / 7KHDNVWRQH : + &KHQ 7 <DR 7 ' DQG 3DQJ
+ ;  µ&KDQJLQJ IHDWXUHV RI WKH FOLPDWH DQG JODFLHUV LQ &KLQD¶V
PRQVRRQDO WHPSHUDWH JODFLHU UHJLRQ¶ -RXUQDO RI *HRSK\VLFDO 5HVHDUFK

+R 3  µ0DR¶V ZDU DJDLQVW 1DWXUH" WKH HQYLURQPHQW LPSDFW RI WKH
*UDLQ)LUVW FDPSDLJQ LQ &KLQD¶ 7KH &KLQD -RXUQDO  ±
+ROOLQJ & 6  µ5HVLOLHQFH DQG VWDELOLW\ RI HFRORJLFDO V\VWHPV¶ $Q
QXDO 5HYLHZ RI (FRORJ\ DQG 6\VWHPDWLFV  ±

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+ROOLQJ & 6 D (QJLQHHULQJ UHVLOLHQFH YHUVXV HFRORJLFDO UHVLOLHQFH
LQ 3 & 6FKXO]H HG µ(QJLQHHULQJ :LWKLQ (FRORJLFDO &RQVWUDLQWV¶ 1D
WLRQDO $GDGHPLHV 3UHVV :DVKLQJWRQ '& SS ²
+ROOLQJ & 6 E µ6XUSULVH IRU VFLHQFH UHVLOLHQFH IRU HFRV\VWHP DQG
LQFHQWLYHV IRU SHRSOH¶ (FRORJLFDO $SSOLFDWLRQV  ±
+RQJ & &KR . DQG .LP +  µ7KH UHODWLRQVKLS EHWZHHQ (162
HYHQWV DQG VHD VXUIDFH WHPSHUDWXUH LQ WKH (DVW -DSDQ 6HD¶ 3URJUHVV
,Q 2FHDQRJUDSK\  ±
,VVHOLQ1RQGHGHX ) DQG %pGpFDUUDWV $  µ6RLOPLFURWRSRJUDSKLHV
VKDSHG E\ SODQWV DQG FDWWOH IDFLOLWDWH VHHG EDQN IRUPDWLRQ RQ DOSLQH VNL
WUDLOV¶ (FRORJLFDO (QJLQHHULQJ  ±
-DQVVHQ 0 $ DQG $QGHULHV - 0  µ*UD]LQJ PDQDJHPHQW UHVLO
LHQFH DQG WKH G\QDPLFV RI D ILUHGULYHQ UDQJHODQG V\VWHP¶ (FRV\VWHPV
 ±
-DQVVHQ 0 $ :DONHU % + /DQJULGJH - DQG $EHO 1 
µ$Q DGDSWLYH DJHQW PRGHO IRU DQDO\VLQJ FRHYROXWLRQ RI PDQDJHPHQW
DQG SROLFLHV LQ D FRPSOH[ UDQJHODQG V\VWHP¶ (FRORJLFDO 0RGHOOLQJ
 ±
-DUODQ / 0RXJLQ ( 0D]]HJD 3 6FKRHQDXHU 0 7UDFRO < DQG +L
HUQDX[ 3  µ8VLQJ FRDUVH UHPRWH VHQVLQJ UDGDU REVHUYDWLRQV WR
FRQWURO WKH WUDMHFWRU\ RI D VLPSOH 6DKHOLDQ ODQG VXUIDFH PRGHO¶ 5HPRWH
6HQVLQJ RI (QYLURQPHQW  ±
-LDQ 0 4 4LDR < 7 <XDQ = - DQG /XR + %  µ7KH LPSDFW
RI DWPRVSKHULF KHDW VRXUFHV RYHU WKH HDVWHUQ 7LEHWDQ 3ODWHDX DQG WKH
WURSLFDO ZHVWHUQ 3DFLILF RQ WKH VXPPHU UDLQIDOO RYHU WKH <DQJW]H5LYHU
EDVLQ¶ $GYDQFHV LQ $WPRVSKHULF 6FLHQFHV  ±

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-LQ / :DQJ + &KHQ ) DQG -LDQJ '  µ$ SRVVLEOH LPSDFW RI
FRROLQJ RYHU WKH 7LEHWDQ 3ODWHDX RQ WKH PLG+RORFHQH (DVW $VLDQ PRQ
VRRQ FOLPDWH¶ $GYDQFHV LQ $WPRVSKHULF 6FLHQFHV  ±
-RKQVRQ ' *  µ(FRQRPLF UHIRUPV LQ WKH 3HRSOH¶V 5HSXEOLF RI
&KLQD¶ (FRQRPLF 'HYHORSPHQW DQG &XOWXUDO &KDQJH  ±
-RQHV - $ $ DQG <RVKLQR 0  6RPH DVSHFWV RI FOLPDWLF IOXFWXD
WLRQ DW IRXU VWDWLRQV RQ WKH 7LEHWDQ SODWHDX GXULQJ WKH ODVW  \HDUV LQ
µ5HJLRQDO +\GURORJLFDO 5HVSRQVH WR &OLPDWH &KDQJH¶ 6SULQJHU %RVWRQ
FKDSWHU  S 
.DW] 5 : %UXVK * 6 DQG 3DUODQJH 0 %  µ6WDWLVWLFV RI H[
WUHPHV 0RGHOLQJ HFRORJLFDO GLVWXUEDQFHV¶ (FRORJ\  ±
.D\ - - DQG 6FKQHLGHU (  µ(PEUDFLQJ FRPSOH[LW\ 7KH FKDOOHQJH
RI WKH HFRV\VWHP DSSURDFK¶ $OWHUQDWLYHV  ±
.LGZHOO . %  12$$ *OREDO 9HJHWDWLRQ ,QGH[ 8VHU¶V *XLGH MXO\
 UHYLVLRQ HGQ 1DWLRQDO 2FHDQLF DQG $WPRVSKHULF $GPLQLVWUDWLRQ
6XLWODQG 0'
.LQJGRQ:DUG )  µ7LEHW DV D JUD]LQJ ODQG¶ 7KH*HRJUSKLFDO -RXU
QDO ± ±
.OHLQ - $ +DUWH - DQG =KDR ;4  µ([SHULPHQWDO ZDUPLQJ QRW
JUD]LQJ GHFUHDVHV UDQJHODQG TXDOLW\ RQ WKH 7LEHWDQ SODWHDX¶(FRORJLFDO
$SSOLFDWLRQV  ±
/HH 5 <X ) 3ULFH . 3 (OOLV - DQG 6KL 3  µ(YDOXDWLQJ YHJH
WDWLRQ SKHQRORJLFDO SDWWHUQV LQ ,QQHU 0RQJROLD XVLQJ 1'9, WLPHVHULHV
DQDO\VLV¶ ,QWHUQDWLRQDO -RXUQDO RI5HPRWH 6HQVLQJ ±
/HKPNXKO ) DQG +DVHOHLQ )  µ4XDWHUQDU\ SDOHRHQYLURQPHQWDO

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FKDQJH RQ WKH WLEHWDQ SODWHDX DQG DGMDFHQW DUHDV :HVWHUQ FKLQD DQG
ZHVWHUQ PRQJROLD¶ 4XDWHUQDU\ ,QWHUQDWLRQDO  ±
/HYLQH 1 (  µ&DWWOH DQG WKH FDVK HFRQRP\ 5HVSRQVHV WR FKDQJH
DPRQJ 7LEHWDQ QRPDGLF SDVWRUDOLVWV LQ 6LFKXDQ &KLQD¶+XPDQ 2UJD
QL]DWLRQ  
/L ; 5 -LD ; + DQG 'RQJ * 5  µ,QIOXHQFH RI GHVHUWLILFD
WLRQ RQ YHJHWDWLRQ SDWWHUQ YDULDWLRQV LQ WKH FROG VHPLDULG JUDVVODQGV
RI 4LQJKDL7LEHW 3ODWHDX 1RUWKZHVW &KLQD¶ -RXUQDO RI $ULG (QYLURQ
PHQWV  ±
/LDQJ 6 6  4XDQWLWDWLYH 5HPRWH 6HQVLQJ RI /DQG 6XUIDFHV
:LOH\,((( +RERNHQ
/LX : *XR 4 DQG :DQJ <  µ7HPSRUDOVSDWLDO FOLPDWH FKDQJH
LQ WKH ODVW  \HDUV LQ 7LEHW DQG LWV JHRHQYLURQPHQWDO FRQVHTXHQFHV¶
(QYLURQPHQWDO *HRORJ\  ±
/LX :6 'RQJ 0 =3 6 DQG:HL :  µ*HQHWLF GLYHUVLW\ SDW
WHUQ RI 6WLSD SXUSXUHD SRSXODWLRQV LQ WKH KLQWHUODQG RI 4LQJKDL±7LEHW
3ODWHDX¶ $QQDOV RI $SSOLHG %LRORJ\  ±
/LX ; DQG <LQ =<  µ6SDWLDO DQG WHPSRUDO YDULDWLRQ RI VXPPHU
SUHFLSLWDWLRQ RYHU WKH HDVWHUQ 7LEHWDQ SODWHDX DQG WKH 1RUWK $WODQWLF
2VFLOODWLRQ¶ -RXUQDO RI &OLPDWH  ±
/RV 6 2 &ROODW] * - 6HOOHUV 3 - 0DOPVWU|P & 0 3ROODFN 1 +
'H)ULHV 5 6 %RXQRXD / 3DUULV 0 7 7XFNHU & - DQG 'D]OLFK
' $  µ$ JOREDO \U ELRSK\VLFDO ODQG VXUIDFH GDWDVHW IURP12$$
$9+55 GDWD¶ -RXUQDO RI +\GURPHWHRURORJ\  ±
/XGZLJ ' -RQHV ' ' DQG +ROOLQJ & 6  µ4XDOLWDWLYH DQDO\VLV RI
LQVHFW RXWEUHDN V\VWHPV 7KH VSUXFH EXGZRUP DQG IRUHVW¶ -RXUQDO RI
$QLPDO (FRORJ\  ±

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/XGZLJ ' :DONHU % + DQG +ROOLQJ & 6  0RGHOV DQG
0HWDSKRUV RI 6XVWDLQDELOLW\ 6WDELOLW\ DQG 5HVLOLHQFH ,VODQG 3UHVV
:DVKLQJWRQ '& SS ±
/XHUV $ / /REHOO ' % 6NODU / 6 $GGDPV & / DQG 0DWVRQ 3 $
 µ$ PHWKRG IRU TXDQWLI\LQJ YXOQHUDELOLW\ DSSOLHG WR WKH DJUL
FXOWXUDO V\VWHP RI WKH <DTXL 9DOOH\ 0H[LFR¶ *OREDO (QYLURQPHQWDO
&KDQJH  ±
/XR 7 /L : DQG =KX +  µ(VWLPDWHG ELRPDVV DQG SURGXFWLYLW\
RI QDWXUDO YHJHWDWLRQ RQ WKH 7LEHWDQ SODWHDX¶ (FRORJLFDO $SSOLFDWLRQV
 ±
0D : DQG 0D <  µ7KH DQQXDO YDULDWLRQV RQ ODQG VXUIDFH
HQHUJ\ LQ WKH QRUWKHUQ 7LEHWDQ SODWHDX¶ (QYLURQPHQWDO *HRORJ\
 ±
0DQGHUVFKHLG $  µ'HFOLQH DQG UHHPHUJHQFH RI QRPDGLVP 7L
EHWDQ SDVWRUDOLVWV UHYLYH D QRPDGLF ZD\ RI OLIH DQG SURGXFWLRQ¶ *HR
-RXUQDO  ±
0DQGHUVFKHLGW $ 1DXNNDULQHQ $ 1LQJ : DQG &ROSDHUW $ 
µ)URP VXEVLVWHQFH WR PDUNHW HFRQRP\ 5HVSRQVHV RI 7LEHWDQ SDVWRUDO
LVWV WR QHZ HFRQRPLF UHDOLWLHV¶ 5DQJLIHU  ±
0DQJLDURWWL 6 0D]]HJD 3 -DUODQ / 0RXJLQ ( %DXS ) DQG 'H
PDUW\ -  µ(YROXWLRQDU\ ELREMHFWLYH RSWLPL]DWLRQ RI D VHPLDULG
YHJHWDWLRQ G\QDPLFV PRGHO ZLWK 1'9, DQG [VLJPD] VDWHOOLWH GDWD¶ 5H
PRWH 6HQVLQJ RI (QYLURQPHQW  ±
0DUWLQ 6  µ7KH FRVW RI UHVWRUDWLRQ DV D ZD\ RI GHILQLQJ UHVLOLHQFH
D YLDELOLW\ DSSURDFK DSSOLHG WR D PRGHO RI ODNH HXWURSKLFDWLRQ¶ (FRORJ\
DQG VRFLHW\  ±

%,%/,2*5$3+<
0F&R\ 5 0  )LHOG PHWKRGV LQ UHPRWH VHQVLQJ *XLOIRUG 3UHVV
1HZ <RUN
0F*XLUH 6 - DQG 6SHUOLQJ /  µ/HYHUDJLQJ IDUPHUV¶ VWUDWHJLHV
IRU FRSLQJ ZLWK VWUHVV 6HHG DLG LQ (WKLRSLD¶ *OREDO (QYLURQPHQWDO
&KDQJH  ±
0F/DXFKODQ .  µ7KH QDWXUH DQG ORQJHYLW\ RI DJULFXOWXUDO LPSDFWV
RQ VRLO FDUERQ DQG QXWULHQWV $ UHYLHZ¶ (FRV\VWHPV  ±
0F0DQXV - 0 5DQN 5 + =KX 7 6PLWK 3 0 DQG *URJDUG - '
 ,PSURYHPHQWV WR WKH 12$$1$6$ NP 3DWKILQGHU $9+55
/DQG 'DWD 6HW LQ µ$*8 6SULQJ 0HHWLQJ $EVWUDFWV¶ $PHULFDQ *HRSK\V
LFDO 8QLRQ *UHHQEHOW 0DU\ODQG SS %$±
0HHKO *  µ(IIHFW RI WURSLFDO WRSRJUDSK\ RQ JOREDO FOLPDWH¶$QQXDO
5HYLHZ RI (DUWK DQG 3ODQHWDU\ 6FLHQFHV  ±
0LHKH * 0LHKH 6 .DLVHU . 5HXGHQEDFK & %HKUHQGHV / /D '
DQG 6FKOW] )  µ+RZ ROG LV SDVWRUDOLVP LQ WLEHW" DQ HFRORJL
FDO DSSURDFK WR WKH PDNLQJ RI D WLEHWDQ ODQGVFDSH¶ 3DODHRJHRJUDSK\
3DODHRFOLPDWRORJ\ 3DODHRHFRORJ\  ±
0LOOHU '  µ7KH LPSRUWDQFH RI &KLQD¶V QRPDGV¶ 5DQJHODQGV
 ±
0LOOHU ' - D µ1RPDGV RI WKH 7LEHWDQ SODWHDX UDQJHODQGV LQ:HVW
HUQ &KLQD 3DUW 7KUHH 3DVWRUDO GHYHORSPHQW DQG IXWXUH FKDOOHQJHV¶
5DQJHODQGV  ±
0LOOHU ' - E µ1RPDGV RI WKH WLEHWDQ SODWHDX UDQJHODQGV LQ
:HVWHUQ &KLQD 3DUW 7ZR 3DVWRUDO SURGXFWLRQ SUDFWLFHV¶ 5DQJHODQGV
 ±

%,%/,2*5$3+<
0RULW] 0 $ 0RUDLV 0 ( 6XPPHUHOO / $ &DUOVRQ - 0 DQG 'R\OH
-  µ)URP WKH FRYHU :LOGILUHV FRPSOH[LW\ DQG KLJKO\ RSWL
PL]HG WROHUDQFH¶ 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV
 ±
0RUULOO & 2YHUSHFN - 7 &ROH - ( /LX . 6KHQ & DQG 7DQJ /
 µ+RORFHQH YDULDWLRQV LQ WKH $VLDQ PRQVRRQ LQIHUUHG IURP WKH
JHRFKHPLVWU\ RI ODNH VHGLPHQWV LQ FHQWUDO 7LEHW¶ 4XDWHUQDU\ 5HVHDUFK
 ±
1 VV 0 : /KDJ\DO ' <DQJ]RP ' 0DWKLHVHQ 3 )R[ - / DQG
%¡DUGVHQ % -  µ1RPDGLF SDVWRUDOLVP LQ WKH $UX EDVLQ RI 7L
EHW¶V &KDQJ 7DQJ¶ 5DQJLIHU 
1DL0LQJ / HG  7LEHWDQ 6RXUFHERRN 8QLRQ 5HVHDUFK ,QVWLWXWH
+RQJ .RQJ
1DWLRQDO 6DWHOOLWH 6HUYLFHV 'LYLVLRQ  µ12$$ VDWHOOLWH LQIRUPDWLRQ
V\VWHP IRU 12$$ PHWHRURORJLFDO  ZHDWKHU VDWHOOLWHV¶ >RQOLQH@ $F
FHVVHG RQ  2FWREHU 
85/ cook5**ij\\ndn)ij\\)bjq*IJ<<NDN*hg*\qcmm)cohg
1LQJ : DQG 5LFKDUG &  µ7KH SULYDWL]DWLRQ SURFHVV RI UDQJHODQG
DQG LWV LPSDFWV RQ SDVWRUDO G\QDPLFV LQ WKH +LQGX.XVK +LPDOD\D
WKH FDVH RI ZHVWHUQ 6LFKXDQ &KLQD¶ >RQOLQH@ $FFHVVHG RQ  2FW 
85/ cook5**rrr)`g_dn)jmb*qadg`*pkgj\_*,*_j^ph`io*+2+3*
?J>41//)k_a
1LX 7 &KHQ / DQG =KRX =  µ7KH FKDUDFWHULVWLFV RI FOLPDWH
FKDQJH RYHU WKH 7LEHWDQ 3ODWHDX LQ WKH ODVW  \HDUV DQG WKH GHWHFWLRQ
RI FOLPDWH MXPSV¶ $GYDQFHV LQ $WPRVSKHULF 6FLHQFHV  ±
12$$30(/7$2  :KDW LV DQ (O 1LxR (162" QG >RQOLQH@
$FFHVVHG RQ WK -DQXDU\ 

%,%/,2*5$3+<
85/ cook5**rrr)kh`g)ij\\)bjq*o\j*`gidij*`g(idij(nojmt)
cohg
2ORIVVRQ 3 DQG (NOXQGK /  µ(VWLPDWLRQ RI DEVRUEHG 3$5 DFURVV
6FDQGLQDYLD IURP VDWHOOLWH PHDVXUHPHQWV 3DUW ,, 0RGHOLQJ DQG HYDO
XDWLQJ WKH IUDFWLRQDO DEVRUSWLRQ¶ 5HPRWH 6HQVLQJ RI (QYLURQPHQW
 ±
2OVVRQ 3  %XLOGLQJ FDSDFLW\ IRU UHVLOLHQFH LQ VRFLDOHFRORJLFDO V\V
WHPV 3K' WKHVLV 'HSDUWPHQW RI 6\VWHPV (FRORJ\ 6WRFNKROP 8QLYHU
VLW\ 6WRFNKROP
2¶5RXUNH (  µ%LRGLYHUVLW\ DQG ODQG XVH FKDQJH RQ WKH &DXVVH0p
MDQ )UDQFH¶ %LRGLYHUVLW\ DQG &RQVHUYDWLRQ  ±
2VH 7  µ7KH FRPSDULVRQ RI WKH VLPXODWHG UHVSRQVH WR WKH UHJLRQDO
VQRZ PDVV DQRPDOLHV RYHU WLEHW HDVWHUQ HXURSH DQG VLEHULD¶ -RXUQDO
RI WKH 0HWHRURORJLFDO 6RFLHW\ RI -DSDQ  ±
2XDLGUDUL + 6DOHRXV 1 ( 9HUPRWH ( ) 7RZQVKHQG - 5 DQG
*RZDUG 6 1  µ$9+55 ODQG SDWKILQGHU ,, $/3 ,, GDWD VHW
HYDOXDWLRQ DQG LQWHUFRPSDULVRQ ZLWK RWKHU GDWD VHWV¶ ,QWHUQDWLRQDO
-RXUQDO RI 5HPRWH 6HQVLQJ  ±
3DUXHOR - 0 (SVWHLQ + ( /DXHQURWK : . DQG %XUNH , & 
µ$133 HVWLPDWHV IURP 1'9, IRU WKH FHQWUDO JUDVVODQG UHJLRQ RI WKH
XQLWHG VWDWHV¶ (FRORJ\  ±
3DVFXDO 0 DQG (OOQHU 6 3  µ/LQNLQJ HFRORJLFDO SDWWHUQV WR
HQYLURQPHQWDO IRUFLQJ YLD QRQOLQHDU WLPH VHULHV PRGHOV¶ (FRORJ\
 ±
3HQJ &. %XOG\UHY 6 9 +DYOLQ 6 6LPRQV 0 6WDQOH\ + ( DQG
*ROGEHUJHU $ /  µ0RVDLF RUJDQL]DWLRQ RI '1$ QXFOHRWLGHV¶
3K\VLFDO 5HYLHZ (  

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3HQJ &. +DYOLQ 6 6WDQOH\ + ( DQG*ROGEHUJHU $ /  µ4XDQ
WLILFDWLRQ RI VFDOLQJ H[SRQHQWV DQG FURVVRYHU SKHQRPHQD LQ QRQVWDWLRQ
DU\ KHDUWEHDW WLPH VHULHV¶&KDRV $Q ,QWHUGLVFLSOLQDU\ -RXUQDO RI1RQ
OLQHDU 6FLHQFH  ±
3HUULQJV & DQG :DONHU %  µ%LRGLYHUVLW\ UHVLOLHQFH DQG WKH FRQ
WURO RI HFRORJLFDOHFRQRPLF V\VWHPV WKH FDVH RI ILUHGULYHQ UDQJHODQGV¶
(FRORJLFDO (FRQRPLFV  ±
3HWHUVRQ * $OOHQ & 5 DQG +ROOLQJ & 6  µ(FRORJLFDO UHVLOLHQFH
ELRGLYHUVLW\ DQG VFDOH¶ (FRV\VWHPV  ±
3RWWHU & 7DQ 31 6WHLQEDFK 0 .ORRVWHU 6 .XPDU 9 0\QHQL
5 DQG *HQRYHVH 9  µ0DMRU GLVWXUEDQFH HYHQWV LQ WHUUHVWULDO
HFRV\VWHPV GHWHFWHG XVLQJ JOREDO VDWHOOLWH GDWD VHWV¶ *OREDO &KDQJH %L
RORJ\  ±
3ULQFH 6 ' DQG *RZDUG 6 1  µ(YDOXDWLRQ RI WKH 12$$1$6$
SDWKILQGHU $9+55 ODQG GDWD VHW IRU JOREDO SULPDU\ SURGXFWLRQ PRG
HOOLQJ¶ ,QWHUQDWLRQDO -RXUQDO RI 5HPRWH 6HQVLQJ  ±
4LDQ : DQG /HH '.  µ6HDVRQDO PDUFK RI $VLDQ VXPPHU PRQ
VRRQ¶ ,QWHUQDWLRQDO -RXUQDO RI &OLPDWRORJ\  ±
4XLQQ : + 1HDO 9 7 DQG 'H 0D\ROR 6 ( $  µ(O QLxR RFFXU
UHQFHV RYHU WKH SDVW IRXU DQG D KDOI FHQWXULHV¶ -RXUQDO RI *HRSK\VLFDO
5HVHDUFK±2FHDQV & ±
5 'HYHORSPHQW &RUH 7HDP  5 $ /DQJXDJH DQG (QYLURQPHQW
IRU 6WDWLVWLFDO &RPSXWLQJ 5 )RXQGDWLRQ IRU 6WDWLVWLFDO &RPSXWLQJ 9L
HQQD $XVWULD ,6%1 
85/ cook5**rrr)M(kmje`^o)jmb
5HGPDQ & / DQG .LQ]LJ $ 3  µ5HVLOLHQFH RI SDVW ODQGVFDSHV

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5HVLOLHQFH WKHRU\ VRFLHW\ DQG WKH /RQJXH 'XUpH¶ (FRORJ\ DQG 6RFLHW\

5LFKDUG & ( D %LRGLYHUVLW\ LQ DOSLQH UDQJHODQGV RI WKH 7LEHWDQ
SODWHDX LQ - /HPRQV 5 9LFWRU DQG ' 6FKDIIHU HGV µ&RQVHUYLQJ %LR
GLYHUVLW\ LQ $ULG 5HJLRQV %HVW SUDFWLFH LQ GHYHORSLQJ QDWLRQV¶ .OXZHU
$FDGHPLF 3XEOLVKHUV 'RUGUHFKW
5LFKDUG & ( E &RPDQDJHPHQW SURFHVVHV WR PDLQWDLQ OLYHVWRFN
PRELOLW\ DQG ELRGLYHUVLW\ LQ DOSLQH UDQJHODQGV RI WKH 7LEHWDQ SODWHDX
LQ µ&RQVHUYLQJ %LRGLYHUVLW\ LQ $ULG 5HJLRQV %HVW SUDFWLFH LQ GHYHORSLQJ
QDWLRQV¶ .OXZHU $FDGHPLF 3UHVV 'RUGUHFKW SS ²
5LFKDUGVRQ + (  7LEHW DQG ,WV +LVWRU\ 2[IRUG 8QLYHUVLW\ 3UHVV
/RQGRQ
6KDQNOLQ (  µ6XVWHQDQFH DQG V\PERO $QWKURSRORJLFDO VWXG
LHV RI GRPHVWLFDWHG DQLPDOV¶ $QQXDO 5HYLHZ RI $QWKURSRORJ\
 ±
6KDUPD . 3 9RURVPDUW\ & - DQG ,,, % 0  µ6HQVLWLYLW\ RI
WKH +LPDOD\DQ K\GURORJ\ WR ODQGXVH DQG FOLPDWLF FKDQJHV¶ &OLPDWLF
&KDQJH  ±
6KHHK\ ' 3 0LOOHU ' DQG -RKQVRQ ' $  µ7UDQVIRUPDWLRQ RI
WUDGLWLRQDO SDVWRUDO OLYHVWRFN V\VWHPV RQ WKH 7LEHWDQ VWHSSH¶ 6pFKHU
HVVH0RQWURXJH  ±
6KHHK\ ' 3 7KRUSH - DQG .LU\FKXN %  5DQJHODQG OLYHVWRFN
DQG KHUGHUV UHYLVLWHG LQ WKH QRUWKHUQ SDVWRUDO UHJLRQ RI &KLQD LQ ' -
%HGXQDK ( ' 0F$UWKXU DQG 0 )HUQDQGH]*LPHQH] HGV µ5DQJH
ODQGV RI &HQWUDO $VLD 3URFHHGLQJV RI WKH &RQIHUHQFH RQ 7UDQVIRUPD
WLRQV ,VVXHV DQG )XWXUH &KDOOHQJHV¶ 86'$ )RUHVW 6HUYLFH 86'$ )RU
HVW 6HUYLFH 6DOW /DNH &LW\ SS ± 50563

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6KHQ & /LX .% 0RUULOO & 2YHUSHFN - 7 3HQJ - DQG 7DQJ /
 µ(FRWRQH VKLIW DQGPDMRU GURXJKWV GXULQJ WKHPLGODWH KRORFHQH
LQ WKH FHQWUDO 7LEHWDQ SODWHDX¶ (FRORJ\  ±
6LPRQLHOOR 7 /DQIUHGL 0 /LEHUWL 0 &RSSROD 5 DQG 0DFFKLDWR 0
 µ(VWLPDWLRQ RI YHJHWDWLRQ FRYHU UHVLOLHQFH IURP VDWHOOLWH WLPH
VHULHV¶+\GURORJ\ DQG (DUWK 6\VWHP 6FLHQFHV 'LVFXVVLRQV  ±
6PLW % DQG &DL <  µ&OLPDWH FKDQJH DQG DJULFXOWXUH LQ FKLQD¶
*OREDO (QYLURQPHQWDO &KDQJH 3DUW $  ±
6PLWK $ 7 DQG )RJJLQ - 0  µ7KH SODWHDX SLND 2FKRWRQD FXU
]RQLDH LV D NH\VWRQH VSHFLHV IRU ELRGLYHUVLW\ RQ WKH 7LEHWDQ SODWHDX¶
$QLPDO &RQVHUYDWLRQ  ±
6PLWK : + ) DQG 6DQGZHOO ' 7  µ*OREDO VHD IORRU WRSRJ
UDSK\ IURP VDWHOOLWH DOWLPHWU\ DQG VKLS GHSWK VRXQGLQJV¶ 6FLHQFH
 ±
6SDUNV 5 (  µ1HHG IRU HFRV\VWHPPDQDJHPHQW RI ODUJH ULYHUV DQG
WKHLU IORRGSODLQV¶ %LR6FLHQFH  ±
6WDWH %XUHDX RI 6XUYH\LQJ DQG 0DSSLQJ  µ1DWLRQDO )XQGDPHQWDO
*HRJUDSKLF ,QIRUPDWLRQ 6\VWHP¶ >RQOLQH@ $FFHVVHG RQ WK )HEUXDU\

85/ cook5**iabdn)in_d)bjq)^i*
6WDWH %XUHDX RI 6XUYH\LQJ DQG 0DSSLQJ RI &KLQD  µ6FLHQWLILF GDWD
VKDULQJ SURMHFW¶ >RQOLQH@ ,Q &KLQHVH $FFHVVHG RQ WK )HEUXDU\

85/ cook5**nhn)r`]h\k)^i*
6WHLQ 5 $  7LEHWDQ &LYLOL]DWLRQ UHYLVHG HGQ )DEHU DQG )DEHU
/WG /RQGRQ

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6XQ '  µ0RQVRRQ DQG ZHVWHUO\ FLUFXODWLRQ FKDQJHV UHFRUGHG LQ
WKH ODWH &HQR]RLF DHROLDQ VHTXHQFHV RI 1RUWKHUQ &KLQD¶ *OREDO DQG
3ODQHWDU\ &KDQJH  ±
7DNXQJ 3DR ZHEVLWH  µ7LEHWDQ DJURSDVWRUDOLVWV LQFRPHV LQFUHDVH
IDVWHU WKDQ FRXQWU\ DYHUDJH¶ >RQOLQH@ LQ &KLQHVH $FFHVVHG RQ 
$XJ 
85/ cook5**rrr)o\fpibk\j)^jh5,++++*b\o`*b]*rrr)o\fpibk\j)
^jh*i`rn*+2*+-*+.*UH(1324-0)coh
7DVKL 1 ;XJDQJ / 6KXQ[LDQJ < DQG -XGVRQ *  $ VXUYH\
RI WKH PLQHUDO VWDWXV RI OLYHVWRFN LQ WKH 7LEHW $XWRQRPRXV 5HJLRQ RI
&KLQD 7HFKQLFDO UHSRUW $XVWUDOLDQ &HQWUH IRU ,QWHUQDWLRQDO $JULFXO
WXUDO 5HVHDUFK
7HOHVFD / /DVDSRQDUD 5 DQG /DQRUWH $  µI IOXFWXDWLRQV LQ
WKH WLPH G\QDPLFV RI 0HGLWHUUDQHDQ IRUHVW HFRV\VWHPV E\ XVLQJ QRU
PDOL]HG GLIIHUHQFH YHJHWDWLRQ LQGH[ VDWHOOLWH GDWD¶ 3K\VLFD $ 6WDWLVWLFDO
0HFKDQLFV DQG LWV $SSOLFDWLRQV  ±
7KRPSVRQ / * 0RVOH\7KRPSVRQ ( 'DYLV 0 ( /LQ 31 +HQGHU
VRQ . DQG 0DVKLRWWD 7 $  µ7URSLFDO JODFLHU DQG LFH FRUH HYL
GHQFH RI FOLPDWH FKDQJH RQ DQQXDO WR PLOOHQQLDO WLPH VFDOHV¶ &OLPDWLF
&KDQJH  ±
7UQND 0 (OL]LQJHU - *UXV]F]\QVNL * %XFKJUDEHU . 5HVFK 5 DQG
6FKDXPEHUJHU $  µ$ VLPSOH VWDWLVWLFDO PRGHO IRU SUHGLFWLQJ
KHUEDJH SURGXFWLRQ IURP SHUPDQHQW JUDVVODQG¶ *UDVV 	 )RUDJH 6FL
HQFH  ±
7VLQJKXD 8QLYHUVLW\ 7HFVXQ 6WXGHQWV¶ ([SORUDWLRQ 7HDP  5HSRUW
RQ VFLHQWLILF H[SORUDWLRQ DORQJ4LQJ7LEHW UDLOZD\ 7HFKQLFDO UHSRUW 7V
LQJKXD 8QLYHUVLW\ 0RXQWDLQHHULQJ &OXE %HLMLQJ LQ &KLQHVH

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7XFNHU & 3LQ]RQ - %URZQ0 6OD\EDFN ' 3DN ( 0DKRQH\ 5 9HU
PRWH ( DQG (O 6DOHRXV 1  µ$Q H[WHQGHG $9+55 NP 1'9,
GDWDVHW FRPSDWLEOH ZLWK 02',6 DQG 6327 YHJHWDWLRQ 1'9, GDWD¶ ,Q
WHUQDWLRQDO -RXUQDO RI 5HPRWH 6HQVLQJ  ²
7XUQHU 6 +DZNHVZRUWK & /LX - 5RJHUV 1 .HOOH\ 6 DQG YDQ &DO
VWHUHQ 3  µ7LPLQJ RI 7LEHWDQ XSOLIW FRQVWUDLQHG E\ DQDO\VLV RI
YROFDQLF URFNV¶ 1DWXUH  ±
8QLWHG 1DWLRQV (QYLURQPHQW 3URJUDPPH *OREDO 5HVRXUFH ,QIRUPDWLRQ
'DWDEDVH  >RQOLQH@ $FFHVVHG RQ  $SU 
85/ cook5**rrr(^b`m)id`n)bj)ek*bmd_(`*di_`s)cohg
9DQ &DPSR ( DQG *DVVH )  µ3ROOHQ DQG GLDWRPLQIHUUHG FOL
PDWLF DQG K\GURORJLFDO FKDQJHV LQ 6XP[L &R %DVLQ :HVWHUQ 7LEHW
VLQFH  \U ES¶ 4XDWHUQDU\ 5HVHDUFK  ±
9DQGHQEHUJKH - 5HQVVHQ + YDQ +XLVVWHGHQ . 1XJWHUHQ * .RQ
HUW 0 /X + 'RGRQRY $ DQG %X\ODHUW -3  µ3HQHWUDWLRQ RI
$WODQWLF ZHVWHUO\ ZLQGV LQWR &HQWUDO DQG (DVW DVLD¶4XDWHUQDU\ 6FLHQFH
5HYLHZV  ±
9HUPRWH ( DQG .DXIPDQ < -  µ$EVROXWH FDOLEUDWLRQ RI $9+55
YLVLEOH DQG QHDULQIUDUHG FKDQQHOV XVLQJ RFHDQ DQG FORXG YLHZV¶ ,QWHU
QDWLRQDO -RXUQDO RI 5HPRWH 6HQVLQJ  ±
9HUQHNDU $ =KRX - DQG 6KXNOD -  µ7KH HIIHFW RI (XUDVLDQ VQRZ
FRYHU RQ WKH ,QGLDQ 0RQVRRQ¶ -RXUQDO RI &OLPDWH  ±
:DONHU % &DUSHQWHU 6 $QGHULHV - $EHO 1 &XPPLQJ * 6 -DQVVHQ
0 /HEHO / 1RUEHUJ - 3HWHUVRQ * ' DQG 3ULWFKDUG 5 
µ5HVLOLHQFH PDQDJHPHQW LQ VRFLDOHFRORJLFDO V\VWHPV D ZRUNLQJ K\
SRWKHVLV IRU D SDUWLFLSDWRU\ DSSURDFK¶ &RQVHUYDWLRQ (FRORJ\ 

%,%/,2*5$3+<
:DONHU % .LQ]LJ $ DQG /DQJULGJH -  µ3ODQW DWWULEXWH GLYHUVLW\
UHVLOLHQFH DQG HFRV\VWHP IXQFWLRQ 7KHQDWXUH DQG VLJQLILFDQFH RI GRP
LQDQW DQG PLQRU VSHFLHV¶ (FRV\VWHPV  ±
:DQJ * 4LDQ - &KHQJ * DQG /DL <  µ6RLO RUJDQLF FDUERQ
SRRO RI JUDVVODQG VRLOV RQ WKH 4LQJKDL7LEHWDQ SODWHDX DQG LWV JOREDO
LPSOLFDWLRQ¶ 7KH 6FLHQFH RI 7KH 7RWDO (QYLURQPHQW ±
:DQJ * ; :DQJ < % /L < 6 DQG &KHQJ + <  µ,QIOXHQFHV RI
DOSLQH HFRV\VWHP UHVSRQVHV WR FOLPDWLF FKDQJH RQ VRLO SURSHUWLHV RQ WKH
4LQJKDL7LEHW SODWHDX &KLQD¶ &$7(1$  ±
:DQJ 1 <DR 7 <DQJ ; 6KHQ - DQG :DQJ <  µ9DULDWLRQV
LQ GXVW HYHQW IUHTXHQF\ RYHU WKH SDVW FHQWXU\ UHIOHFWHG E\ LFHFRUH DQG
ODFXVWULQH UHFRUGV LQ QRUWK&KLQD¶ 6FLHQFH LQ&KLQD 6HULHV'±(DUWK 6FL
HQFHV  ±
:HLNDL % 1LQJ : DQG =KDRJXDQJ / QG µ'HYHORSPHQW G\QDPLFV RI
IUDJLOH SDVWRUDO V\VWHPV RI WKH VRXWKHDVWHUQ 7LEHWDQ 3ODWHDX¶ >RQOLQH@
$FFHVVHG RQ UG 2FW 
85/ cook5**rrr)dgmd)^bd\m)jmb*DiajN`mq*R`]kp]*Apgg_j^n*
T\fkmj*N`nndji</)coh
:HLVV - / *XW]OHU ' 6 &RRQURG - ( $ DQG 'DKP & 1 
µ/RQJWHUP YHJHWDWLRQ PRQLWRULQJ ZLWK 1'9, LQ D GLYHUVH VHPLDULG
VHWWLQJ FHQWUDO 1HZ 0H[LFR 86$¶ -RXUQDO RI $ULG (QYLURQPHQWV
 ±
:HVVHO 3  µ7KH *HQHULF 0DSSLQJ 7RROV¶ >RQOLQH@ $FFHVVHG RQ
WK 1RYHPEHU 
85/ cook5**bho)nj`no)c\r\dd)`_p*
:HVVHO 3 DQG 6PLWK :  µ)UHH VRIWZDUH KHOSV PDS DQG GLVSOD\
GDWD¶ (RV 7UDQVDFWLRQV $*8  ±

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:HVVHO 3 DQG 6PLWK : + )  µ$ JOREDO VHOIFRQVLVWHQW
KLHUDUFKLFDO KLJKUHVROXWLRQ VKRUHOLQH GDWDEDVH¶ - *HRSK\V 5HV
% ±
:X 1  µ'HYHORSPHQWV LQ WLEHWDQ SDVWRUDO VRFLHW\ LQ WKH ODVW
IRXU GHFDGHV DQG WKHLU LPSDFW RQ SDVWRUDO PRELOLW\ LQ QRUWKZHVWHUQ
6LFKXDQ &KLQD¶$EKDQGOXQJHQ GHV *HRJUDSKLVFKHQ ,QVWLWXWV $QWKUR
SRJHRJUDSKLH  ±
:X1 /LX - DQG<DQ =  µ*UD]LQJ LQWHQVLW\ RQ WKH SODQW GLYHUVLW\
RI DOSLQH PHDGRZ LQ WKH HDVWHUQ 7LEHWDQ SODWHDX¶ 5DQJLIHU 6SHFLDO
,VVXH  ±
:X 1 DQG <DQ =  µ&OLPDWH YDULDELOLW\ DQG VRFLDO YXOQHUDELOLW\ RQ
WKH 7LEHWDQ 3ODWHDX 'LOHPPDV RQ WKH URDG WR SDVWRUDO UHIRUP¶ (UG
NXQGH  ±
:X 4 DQG /LX <  µ*URXQG WHPSHUDWXUH PRQLWRULQJ DQG LWV UH
FHQW FKDQJH LQ 4LQJKDL7LEHW 3ODWHDX¶ &ROG 5HJLRQV 6FLHQFH DQG 7HFK
QRORJ\  ±
:X < /FNH $ -LQ = :DQJ 6 6FKOHVHU * + %DWWDUEHH 5 :
DQG ;LD :  µ+RORFHQH FOLPDWH GHYHORSPHQW RQ WKH FHQWUDO 7L
EHWDQ SODWHDX $ VHGLPHQWDU\ UHFRUG IURP &XRH /DNH¶ 3DODHRJHRJUD
SK\ 3DODHRFOLPDWRORJ\ 3DODHRHFRORJ\ ± ±
;LDR & .DQJ 6 4LQ ' <DR 7 DQG 5HQ -  µ7UDQVSRUW RI DWPR
VSKHULF LPSXULWLHV RYHU WKH 4LQJKDL;L]DQJ 7LEHWDQ SODWHDX DV VKRZQ
E\ VQRZ FKHPLVWU\¶ -RXUQDO RI $VLDQ (DUWK 6FLHQFHV  ±
;X + +RX = $L / DQG 7DQ /  µ3UHFLSLWDWLRQ DW /DNH 4LQJKDL
1( 4LQJKDL7LEHW SODWHDX DQG LWV UHODWLRQ WR $VLDQ VXPPHU PRQVRRQV
RQ GHFDGDOLQWHUGHFDGDO VFDOHV GXULQJ WKH SDVW  \HDUV¶ 3DODHRJHRJ
UDSK\ 3DODHRFOLPDWRORJ\ 3DODHRHFRORJ\  ±

%,%/,2*5$3+<
<DQ =  $SSURSULDWH PDQDJHPHQW RI UDQJHODQG RQ WKH 7LEHWDQ
3ODWHDX IRU VXVWDLQDEOH \DN UHDULQJ LQ - +DQ DQG = &KHQ HGV µ3UR
FHHGLQJV RI WKH WK ,QWHUQDWLRQDO &RQJUHVV RQ <DN¶ 6LFKXDQ 3XEOLVKLQJ
+RXVH RI 6FLHQFH DQG 7HFKQRORJ\ &KHQJGX
<DQ = *XDQJURQJ / DQG 1LQJ : QG µ$ SUREH LQWR WKH SDVWRUDO
SURGXFWLRQ V\VWHP LQ +RQJ\XDQ HDVWHUQ 4LQJKDL7LEHWDQ 3ODWHDX¶
>RQOLQH@ $FFHVVHG RQ  2FW 
85/ cook5**rrr)dgmd)^bd\m)jmb*DiajN`mq*R`]kp]*Apgg_j^n*
T\fkmj*N`nndji<,,)coh
<DQ = :X 1 'RUML < DQG 5X -  µ$ UHYLHZ RI UDQJHODQG SUL
YDWL]DWLRQ DQG LWV LPSOLFDWLRQV LQ WKH 7LEHWDQ 3ODWHDX &KLQD¶1RPDGLF
3HRSOHV ± ±
<DQJ % %UDHXQLQJ $ -RKQVRQ . 5 DQG <DIHQJ 6  µ*HQHUDO
FKDUDFWHULVWLFV RI WHPSHUDWXUH YDULDWLRQ LQ &KLQD GXULQJ WKH ODVW WZR
PLOOHQQLD¶ *HRSK\VLFDO 5HVHDUFK /HWWHUV  ±
<DQJ 'LQJ &KHQ DQG /LX  µ)OXFWXDWLRQV RI WKH 6HPL$ULG =RQH LQ
&KLQD DQG FRQVHTXHQFHV IRU VRFLHW\¶ &OLPDWLF &KDQJH  ±
<DQJ 0 :DQJ 6 <DR 7 *RX ; /X $ DQG *XR ;  µ'HVHU
WLILFDWLRQ DQG LWV UHODWLRQVKLS ZLWK SHUPDIURVW GHJUDGDWLRQ LQ 4LQJKDL
;L]DQJ 7LEHW SODWHDX¶&ROG5HJLRQV 6FLHQFH DQG7HFKQRORJ\ 
± 
<DQJ 0 <DR 7 *RX ; DQG 7DQJ +  µ:DWHU UHF\FOLQJ EHWZHHQ
WKH ODQG VXUIDFH DQG DWPRVSKHUH RQ WKH 1RUWKHUQ 7LEHWDQ 3ODWHDX±D
FDVH VWXG\ DW IODW REVHUYDWLRQ VLWHV¶ $UFWLF $QWDUFWLF DQG $OSLQH 5H
VHDUFK  ±
<DQJ 0 <DR 7 +H < DQG 7KRPSVRQ / *  µ(162 HYHQWV
UHFRUGHG LQ WKH *XOL\D LFH FRUH¶ &OLPDWLF &KDQJH  ±

%,%/,2*5$3+<
<DQJ0 <DR 7:DQJ+ DQG*RX ;  µ&OLPDWLF RVFLOODWLRQV RYHU
WKH SDVW  N\U UHFRUGHG LQ WKH *XOL\D LFH FRUH &KLQD¶ 4XDWHUQDU\
,QWHUQDWLRQDO  ±
<DQJ]RQJ &  7KH KRXVHKROG UHVSRQVLELOLW\ FRQWUDFW V\VWHP DQG
WKH TXHVWLRQ RI JUDVVODQG SURWHFWLRQ D FDVH VWXG\ IURP WKH &KDQJ 7DQJ
QRUWKZHVW 7LEHW $XWRQRPRXV 5HJLRQ 0DVWHU¶V WKHVLV 8QLYHUVLW\ RI
7URPV¡
<DR -  &KLQD¶V 7LEHW )DFWV DQG )LJXUHV  &KRQJTLQ 8QLYHU
VLW\ 3UHVV &KRQJTLQ
<DR 7 3X - /X $ :DQJ < DQG <X :  µ5HFHQW JODFLDO UH
WUHDW DQG LWV LPSDFW RQ K\GURORJLFDO SURFHVVHV RQ WKH 7LEHWDQ SODWHDX
&KLQD DQG VRUURXQGLQJ UHJLRQV¶ $UFWLF $QWDUFWLF DQG $OSLQH 5HVHDUFK
 ±
<DR 7 6KL < DQG 7KRPSVRQ / *  µ+LJK UHVROXWLRQ UHFRUG RI SD
OHRFOLPDWH VLQFH WKH OLWWOH LFH DJH IURP WKH WLEHWDQ LFH FRUHV¶4XDWHUQDU\
,QWHUQDWLRQDO  ±
<H ' = DQG :X * ;  µ7KH UROH RI WKH KHDW VRXUFH RI WKH
7LEHWDQ 3ODWHDX LQ WKH JHQHUDO FLUFXODWLRQ¶ 0HWHRURORJ\ DQG $WPR
VSKHULF 3K\VLFV  ±
<H 4 + <DR 7 ' &KHQ ) .DQJ 6 & =KDQJ ; 4 DQG :DQJ <
 µ5HVSRQVH RI JODFLHU DQG ODNH FRYDULDWLRQV WR FOLPDWH FKDQJH LQ
0DSDP<XPFR EDVLQ RQ 7LEHWDQ SODWHDX GXULQJ ¶ -RXUQDO RI
&KLQD 8QLYHUVLW\ RI *HRVFLHQFHV  ±
<LQ = /LQ = DQG =KDR ;  µ7HPSHUDWXUH DQRPDOLHV LQ FHQ
WUDO DQG HDVWHUQ 7LEHWDQ SODWHDX LQ UHODWLRQ WR JHQHUDO FLUFXODWLRQ
SDWWHUQV GXULQJ ¶ ,QWHUQDWLRQDO -RXUQDO RI &OLPDWRORJ\
 ±

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=KDQJ < /L % DQG =KHQJ '  µ$ GLVFXVVLRQ RQ WKH ERXQGDU\ DQG
DUHD RI WKH 7LEHWDQ SODWHDX LQ FKLQD¶ *HRJUDSKLFDO 5HVHDUFK 
=KDQJ < 6 /L 7 DQG :DQJ %  µ'HFDGDO FKDQJH RI WKH VSULQJ
VQRZ GHSWK RYHU WKH 7LEHWDQ SODWHDX 7KH DVVRFLDWHG FLUFXODWLRQ DQG
LQIOXHQFH RQ WKH (DVW $VLDQ VXPPHU PRQVRRQ¶ -RXUQDO RI &OLPDWH
 ±
=KDQJ = DQG 3HFK 5  µ([WULQVLF DQG LQWULQVLF IDFWRUV GHWHUPLQH
WKH HUXSWLYH G\QDPLFV RI %UDQGW¶V YROHV0LFURWXV EUDQGWL LQ ,QQHU0RQ
JROLD &KLQD¶ 2LNRV  ±
=KHQJ 0 &KHQJ 03 DQG 0LDQSLQJ =  $Q ,QWURGXFWLRQ WR
6DOLQH /DNHV RQ WKH 4LQJKDL7LEHW 3ODWHDX 6SULQJHU
=KX ) =KHQJ ; /XR - DQG /L =  µ:DWHU YDSRU LPDJH RI
VQRZ VWRUP SURFHVV RYHU VRXWKHUQ 7LEHW¶ &KLQHVH 6FLHQFH %XOOHWLQ
 ±
=KX : &KHQ / DQG =KRX =  µ6HYHUDO FKDUDFWHULVWLFV RI FRQWHP
SRUDU\ FOLPDWH FKDQJH LQ WKH WLEHWDQ SODWHDX¶ 6FLHQFH LQ &KLQD 6HULHV
' (DUWK 6FLHQFHV  ±
=XUOLQL * 5LLWWHUV . =DFFDUHOOL 1 DQG 3HWURVLOOR ,  µ'LVWXU
EDQFH SDWWHUQV LQ D VRFLRHFRORJLFDO V\VWHP DW PXOWLSOH VFDOHV¶ (FRORJ
LFDO &RPSOH[LW\  ±

